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LOll NOI DAU 


"Mach dien tu' - Tap 2” la quyen ba trong bo giao truth Dien 
tit ky thuat gom 4 quyen la: 

1) Linh kien dien tuf 

2) Mach dien tuf - Tap 1 

3) Mach dien tu" - Tap 2 

4) Much lifting tu 1 

Trong "Mach dien tuf - Tap 2” co bay chtfdng gidi thieu cac 
much rat at ban va thong dung trong cac thiet hi dien tuf dan dung 
cung nhifchuyen dung. 

Chdiing 1 gidi thieu OP - AMP la phan cd ban cua mon hoc 
Analog. 

Chiftlng 2-3-4 gidi thieu cac mach loc, mach cong hudng 
va mach dao dong hmh sin la cac loai mach rat phd bien trong 
Ampli - Radio - Cassette - TV. 

Chifdng 5 gidi thieu vi mach dinh (hi dddc dng dung rong rai 
trong lTnh vifc tit dong dieu khien cong nghiep, td dong hoa. 

Chitting 6 la cac mach dac biet tfng dung vi phan va tich 
phan trong dieu khien. 

Chuting 7 lii nhffng kien thufc cd ban cua mon ky thuat so rat 
can thiet cho cac nganh Dien va Dien tuf hien nay. 


Tae gta chan thanh cam dn ban doc da cd nhieu y kien dong 
gdp de Ian tai ban nay sach dttdc hoan thieu hdn. 
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CHl/dNG 1 


MACH KHUECH DAI THUAT TOAN 

§1.1- DAI CUCfNG 

Mach khuech dai ihuat loan, tturdng dude goi tilt la OP- 
AMP (Operational-Amplifier), dude thiet ke de thi.fc hicn cac phep 
toan nhif: cong, trff, nhan, chia, vi phan, tich phan... trong cac may 
tmh tifOng nr. Trong qua tilnh phut trien OP-AMP con ed them 
nhieu ufng dung khac va trdf thanh linh kien tich cite quan trong nhat 
trong cac much khuech dai AC, much khuech dai DC, mach so 
sunh, mach dao dong, mach tao xung, mach do... 

Trong cac loai OP-AMP da di Ale san xuat va sufdung hien nay, 
IC741 dude xem la OP-AMP lieu chuan, la loai vi mach don khoi 
tich hop )dn dude che tao ihco edng nghe mang mdng, Nhd kha 
nang tich hop Idfn non 1C741 difOc dug dung rat rong rai va da 
dang. 

Trong chudng nay chu yeu chi gidi thieu dac tilth ky thual 
va cac much ring dung cO ban cua IC74I. 

OP-AMP co ngo van kieu vi sai, difOc ky hieu nhu hlnhl. 1 a. 
Cac chan ra: 

- In + : ngd vao khdng dao 

- In'; ngo vao dao 

- Out: ngo ra 

- +V: noi ngudn dudng 

- -V: noi ngudn am 

- GND: diem chung, diem OV (mass) ^ 

V 

-V 

Hinh 1.1a : Ky hicu cua OP-AMP 
va each cap ngudn doi xring 


+V 
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Mach dicn tu* - Tap 2 


Nguyen Tan PhiTefc 


Then tieu chuan OP-AMP phai difcfc cap bdi hai nguon doi 
xtfng ±V nhu hinh ve. Tuy nhien, trong nhieu trifling help OP-AMP 
cung co the lam viec vdfi nguon ddn nhif trong hinh 1.1b. 



, Hinh Lib : OP-AMP dung nguon ddn 


Trifling hdp OP-AMP dung nguon doi, tin hieu ra co the 
bien doi ve phia dien ap during hay dien ap am so vdi mass. 

Trifling hop OP-AMP dung nguon dcln tht tin hieu ra chi co 
mtfe dien ap difllng nhifng se bien doi chung quanh mot gia tri trung 
hinh thifllng la 1/2 nguon +V. 


§1.2- DAC TINH KY THUAT CUA OP-AMP 
1) Cac thong so'd*jk trtfng cua OP-AMP 

Mot OP-AMP ly tifetng la mach cd tong trd vao vo cung Idn, 
tong trd ra vo cung nhd, dp kli dien ap va bang thong cung vo cung 
Idn, toe dp bam giufa tin hieu ra vdi tin hieu vao khong bi han che. 

Trong thurc le, OP-AMP cd dp Idi, bang thong, tong trd vao... 
htfu han va cd toe dp bam bi han che giffa tin hieu vao va ra. Do 
do, khi sd dung OP-AMP loai nao, can thiet phai biet cac thong so 
dae triTng sau day: 

a) Du khuech dai dien dp vdng hd: A\' 0 

Mach khuech dai khong cd difllng hoi tiep difOc goi la mach 
khuech dai vong hd. A V o la ti so giuTa dien ap tin hieu ra va dien ap 
tin hieu vao. 
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Chiftfn.ii 1 


Mach khucch dai ihuAt toan 


A 

-l\ 

Avo thifclng dUVte bieu dicn bang diin vi dexiben (dB). 

Do khuech dai dien ap theo ddn vi dB difdc dinh nghTa: 

A (dB) = 201gA 

Thi chr. A V( > = 10.000 cho ra A (<JB> = 20Ig10.000 
= 20 x 4 = XOdB 

Avo = 100.000 cho ra A (dB) = 201g 100.000 
= 20 x 5 = 100dB 

h) Toni> trchigd veto: Z\ 

Z| la so do trd khang nhin trife ticp tif cac ngo vao cua OP- 
AMP. Z; difOc tmh bang ddn vi dicn trd va thuffng Zj cd tri so" 
khoang vai ehuc MQ. Doi vdi cac tin hieu cd tan so cao thi tong trd 
Z[ bj giani tri so. 

c) Tong trd ngo ra: Zo 

Zo la so do trd khang nhin tri/c tiep tif ngo ra va cling duVfc 
tfnh bang ddn vi dicn trd. Zo thudng cd tri so tif vai Q den I00Q. 
Ddi vdi cac tin hicu cd tan so cao thi tong trd Zo tang tri so. 

d) Dong dicn phdn cUc ngo vao: //, 

Ngo vao cua OP-AMP thi/dng dung transistor lining noi nen 
can mot dong dicn phan ci/c cho ci/c B d nidi ngo vao. Dong dicn 
phan cite ngo vao ly, cd tri so khoang difdi 1 pA. 

e) Ngudn dicn cling cap: 

Thitdng dung ngudn doi xting ±V, ngudn cung cap phai 
trong gidi han nhd nhat va ldn nhat. Neu ngudn dicn ap qua cao sc 
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Mach dicrt hr - Tap 2 


Nguyen Tan Phifde 


de lam hong OP-AMP, dien ap qua thap thi OP-AMP hoat dong 
kem, khdng thi/c hien day dii va chinh xac cac chdc nang cua no. 

Mdc gidi han cua ngudn dien cung cap la: ± 3V den ±15V. 

/) Mute dien dp tin hieu vao: V i)mn 

Khdng difdc vi/cft qua mufc dien ap ngudn cung cap. Tri so 
V| llu , v thufing nhd hdn ngudn Uf IV den 2V. 

g) Mute dien dp tin hieu ra: V (}f>un 

Neu dien ap tin hieu vao qua Idn thi fi ngd ra se cd trang 
thai bao hda. Dien ap tin hieu ra V ( > nm phu thude van diem ap 
ngudn va thufing nhd hdn IV den 2V. 

h) Dien dp lech ngd vein vi sai: l 7 /> 

Dien ap vao vi sai V D la hieu so giifa hai dien ap V t va Vv 

Trufing hdp OP-AMP ly tiffing, neu ngd vao cd V| = V 2 thi 
dien ap vao vi sai V D = 0, dien ap ra vi sai V 0 = 0. Trong thiTe te\ cac 
transistor d ngd vao rat khd che tao de cd cac thong so hoan loan 
giong nhau, do do se cd mot dien ap lech rat nhd giifu cac ngd vao. 

Dien ap lech ngd vao vi sai cd tri so khoang vai mV nlufng 
do OP-AMP cd do khucch dai rat Idn nen dien ap d ngd ra cua OP- 
AMP cd the d trang thai bao hda. 

De tranh anh luffing cua dien ap lech ngd vao vi sai. ngifdi 
ta phai dung mach dien chinh hu trif - goi la chinh OFFSET - se 
dufic gidi thieu trong phan sau. 

i) Ti so nen dong plue CMRR (Common Mode) Rejection 
Ratio) 

OP-AMP ly tiffing cd dien ap ra V () ti le vdi hieu so hai dien 
ap van V| va V*« Khi hai tin hieu fi hai ngd vao bang nhau (goi la 
tin hieu dong pha) thi Vi - V> = 0, fi ngd ra se cd V () = 0. 
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ChuVfng I 


Mach khucch dai thuai loan 


There te, khi ngo van ed tin hieu dong pha thi ngo ra van ed 
tin hieu ra nhd. Kha nang giam tin hieu dong pha eua OP-AMP diMc 
dinh nghia la ti so giuTa dp khucch dai tin hieu vi sai vdi dp khuech 
dai tin hieu dong pha. 

Av I I 'vilI 

CMRR - 

ilonp pha 

CMRR cung co the tinh then ti’ le dexiben theo cong thu’c: 

CMRR = 20ig Av " - — 

A v ilonjr pli<» 

Ti le nen dong pha CMRR co the dat tif HOdB den lOOdB. 
j) Tan so all: fr 

OP-AMP co do khuech dai dien ap vdng hd rat lofn, thife te 
Avn “ lOOdB, khi lam vice d tan so thap. Dp khuech dai nay se giam 
khi tan so tang. Tan so eat t T la tan so mix dp khuech dai Avn = 1 ■ 

OP-AMP ed dap dug tan so nhifhinh 5.2. Thong thiTdng dap 
dug ciia tan so ciia OP-AMP se suy giam (SdB dng vdi mdi octave 
hay 20dB mdi decade. 



Hmh i.2 \ Dap ufng tan so ciia OP-AMP 


I 1 










Mach dicn Luf — Tap 2 


Nguyen Tan PhUde 


* Octave : khoang tan so ti ( f den 2f goi la mot octave. Thi 
du: 1kHz den 2kH/ la 1 octave. Theo ly thuyet am nhac thl octave 
goi la mot bat do. 

* Decade : khoang tan so tiT If den 1 Of goi la mol decade. 
Thi du: 1 kHz den K)kH/la 1 decade. 

Dap tfng tan so hinh 1.2 cho thay of tan so thap (f < l()H/) thi 
do khuech dai vdng hd Avo = lOOdB, d tan so f = IkH/ thl do 
khuech dai Avo= 60dB va d tan so f = IMH/ thi do khuech dai Avo 
= OdB (= 1 lan). Nluf vay: f T = I MH/. 

Neu OP-AMP dung trong mach khuech dai vdng kin 
(khuech dai hoi ticp> thi bang thong cua mach sc tuy do khuech dai 
vdng kin. Tan so cat chinh la tich so cua bang thong va do khuech 
dai vdng kin. 

Ta cd: f r = B.A\p vdi A u = — (khdng dung dB) 

v 

i 

Thi du: OP-AMP cd f T = 1 MH/. => 11 = — 

An 

Neu cd A U " = 10 thi B = = 1 OOkllz 

10 

Neu cd Am = 1000 thi B = = \k!h 

1000 

Nhu’ vay, muon md rong hang (hong thi phai glam do 
khuech dai hoi tiep va nguTOc lai. 

k) Toe do quet: S (Speed) 

Do quail tinh cua linh kien va anh hifdng cua lu dicn bd 
chinh tan so trong mach ma ide do thay doi dien ap ra se khdng 
theo kip toe do thay doi dien ap ngd van - goi la toe do quet. Toe 
do quet dlfdc tinh hQng gia tri toi da vdi ddn vi tinh la V/jis, thifdng 
S= 1 V/jas den IOV/jas. 
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ChurUnt; 1 


Mach khuech dai thual toan 


Do hi gidi han bdi toe do quet non doi vdi tin hieu ra nhd se 
co bang (hong rpng hdn. Khi tin hieu ngo vao cd toe do tang ldn 
httn toe do quel thi tin hieu ra se bi meo dang. Thi du: tin hieu vao 
la hinh sin thi d ngo ra se co tin hieu hinh tatn giac. 

2) Cac thong so ky thuat cua OP-AMP 741 


- A V o: Do khuech dai dien tip vnng hd 

lOOdB 

- Z,: Tong trd ngo vao 

IMQ 

- Zo Tong trd ngo ra 

1500 

- IiC Dong phan cifc ngo vao 

0,2pA 

- V sn , ax ! Dien ap ngudn loi da 

± 18V 

- V imjx : Dien ap vao tdi da 

±13V 

- V„ I11; „: Dien ap ra tdi da 

± 14V 

- V,„: Dien ap lech ngo vao vi sai 

2m V 

- CMRR: Ti so non dong pha 

90dB 

- t T : Tan so cit 

1 MHz 

- S : Toe dp quet tdi da 

().5V/p 


§1.3- MACH TICH H0P CUA OP-AMP 741 

1) Scf do mach tich help OP-AMP 741 (hinh 5.3) 

OP-AMP 741 dung transistor luting ndi cd cac khdi ehiVe nang: 

a) Khdi dau gdm cac transistor tCf Qi den Qy. Hai 
transistor Q1-Q2 la mach khuech dai vi sai cd ngo vao khdng dao 
(chan 3) va ngo vao dao (chan 2). Tin hieu ra cua khdi dau tu cifc C 
cua Qf,de di/a sang khdi sau. Qx va Qy la ngudn dong dien cho Q r 
Q2. Hai transistor Q3-Q4 la mach giftfng dong dien cua Q1-Q2 (Q1Q2 
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loai NPN, Qj-Q-t loai PNP). Q 5 va Q 7 la mach gifdng dong dien cho 
Qr,. Hai cdc E cua Q s va Q<i (noi ra hai chan 1 va 5) de chinh 
OFFSET, bu trufcho dong dien lech ngo vao vi sai. 

b) Khoi giifa co hai transistor Q 16 -Q 17 rap kieu Darlington de 
dieu khien tang cong suat. Q 22 de bao ve qua tai cho Qir,-Qi 7 . 
Transistor Q 21 difdc xem la dien trd toi cua Q 17 . 



Hinh 1.3 : So do mach ti'ch hop p A 741 

c) Khoi cuoi la khoi khuech dai cong suat nip kieu ho phu vbi 
Qu (loai NPN) va Q 20 (loai PNP) vOi ngo ra la diem giffa (chan 6 ). Q 15 
de bao ve qua tai cho Q 14 , diod Qix va Q | 9 de bao ve qua tai cho Qjd. 

Hai transistor Qi>-Qn la nguon dong chung cho khoi giifa va 
khoi cuoi. Qm va Qu la mach gifOng dong dien de dieu hoa gitfa 
hai nguon dong cua khoi dau va hai khoi sau. Tu C| = 30pF de 









Chu’dng 1 


Mach khucch dai thuat loan 


ehdng dao dong td kich. Do cd tu C, ncn toe do cjuet ciia OP-AMP 
hi giam xuong. 

Chan 7 cua OP-AMP dtfdc noi nguon di/dng, chan 4 diMc 
noi nguon am. Chan 8 la chan dd, khdng dung, ky hieu la NC (No- 
Connect"). 


2) Ky hieu va cac hinh dang thong thilfrng 


nc: 



OFF- SET 8 



Hinh 1,4b : Vd dang Iron 



NC 

+V 

Out 

OFF- SET 
NULL 


Hinh 1.4c : Vd dang chut nhat dep 


3) Cac phiAfng phap can bang diem O (chinh OFFSET) 

Be tranh anh hufdng dien ap lech ngo vao vi sai, phai dung 
mach dieu chinh hu trif - gpi la phddng phap can bang diem O. 

a) Dieu chinh dien dp hu ft mot ngo vdo: 
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Mach dien liV - Tap 2 


Nguyen Tan Phude 


Hinh 1.5 la mach dieu chinh can bSng diem O bSng dien ap 
bii cf ngo vao vdi cac tri so linh kien tieu bieu. 

Hai can phan ap 22kQ-lkQ de tao dien dp V A va la hai 
dien ap doi xtfng cd tri so thap khoang ±0,5V de dieu chinh dila 


vao ngo I„\ Neu dien ap ngo ra V () > OV thi dien chinh bien trd 
10kf2 ve gan diem A de giam Vo ve OV. Neu dien ap ngo ra V (i < 
OV thi dieu chinh bien trof lOkQ ve gan diem B de tang V 0 len OV. 


v+ v- 



Hinh 1.5 la mach dieu chinh can bang diem O bang dien ap 
bu 0 ngo vao vdi cac tri so linh kien tieu bieu. 

Hai can phan ap 22kQ-lkO de tao dien ap V A va Vu la hai 
dien ap doi xu’ng cd tri so thap khoang ±0,5V de dieu chinh difa 
vao ngo I n ". Neu dien ap ngo ra V () > OV thi dieu chinh bien trd 
lOkQ ve gan diem A de giam V () ve OV. Neu dien ap ngo ra V (3 < 
OV thi dieu chinh bien Ini lOkfl ve gan diem B de tang V () len OV. 

b) Dieu chinh bu vdi hoi tiep am dong dien: 
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ChiTOn g 1 


M ach khuech da i thuat to a n 


+V+ 



6_Out 

-o 

Vo 


Hinh ) .6a : Bu bang 
much hoi tiep am 
dong dien 


Hinh 16b : Mach tiding 
dufdng cua hinh l ,6a 



Trong sc) do mach tich help cd hai transistor Q 5 va Qf, noi hai 
cdc E ra chan 1 va 5 de dieu chinh can bang diem O nhcl nguyen ly 
hoi tiep am dong dien. 

Hinh 1.6a la mach ap dung chinh can bang diem O cho OP- 
AMP 741 bang each dat them bien tref VR = H)kQ giiJa hai chan 1 
va 5, diem gift a bien tref noi vao ngudn -V de dieu chinh. 

Hinh 1.6b la mach tiding diding cho thay anh hid’ing cua viec 
dieu chinh. Khi dieu chinh bien trd VR ttfc la thay drii Rr ciia T| va 
T 2 de bu trCi cho sir mat can bang gitfa hai transistor do che lao. 

Cac bien trei trong hai phiding phap tren didtc dieu chinh sao 
cho khi (1 ngo vao co V| = OV thi ngd ra V () = OV. 
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Mach dien ifr- Tap 2 


Nguyen Tan Phtfdc 


§1.4- CAC MACH U'NG DUNG CCf BAN 
1) Mach khuech dai khong dao 



Hinh 1.7a : Mach khuech dai khong dao 


Mach khuech dai khong dao cd dien ap ngd vao V, ndi den 
ngd l n + qua dien trd ngo vao R;. Ngo I„ nhan tin hieu hoi tiep tCr 
ngo ra qua cau phan ap R 1 -R 2 (hinh 1.7a). 

Do khuech dai hoi tiep (con goi la do khuech dai vong kin) 
dtfdc tinh theo edng thi'fc: 


Dien tref R; <1 ngd vao I n + cd tac dung on dinh nhiet, tranh 
khong cho dien ap ngo ra trdi den trang thai bao hoa. 

Qua hieu thtfc tinh Avf cho thay: 

• neu giam Ri = OQ thi Avf = 1 

• neu giam R, = OQ thi Aye —> « (thi/e te thi A V) .- sc tien 
den gioti han la do khuech dai vong hd cua OP-AMP). 

Mach khuech dai khong dao cd tflt diem la tong tret vao rat 
kin. Theo ly thuyet: tong trd vao la tich so tong trd vao cua OP- 
AMP trong mach vong hcl (ZiS 1MQ) nhan vdi ti so cua do loi vong 
hd tren do Idi vong kin. 


IK 




Trj so Zi co the lcn den hang tram MQ. 

Trong phan gibi thieu cue thong so due truVig cua OP-AMP, 
vbi tan so cat IV nhat dinh, neu Avi- cang lbn thi bang thong B cang 
hep va ngtfdc lai. 

O day ta cung thay. neu A V1 -- cang ldn thi Z| cang thap va 
ngifcfc lai. 

Dien trb ngd vao Ri thifdng difdc chon cb tri so: 

R, = /?, // R : 

2) Mach khuech dai dao (hinh 1.7b) 

Mach khuech dai dao cb dien up ngb vao V, noi den ngb I n " 
qua dien trb ngb vao R| = R|. Dicn trb Ri la dien trb hoi tiep am (con 
got la R|). Dien trb R \ noi ngb I„ + xubng mass cb lac dung bn doth 
nhict, tranh khbng cho dien ap ngb ra troi den trang thai bao hba. 


R t = R, R>= R, 



Hinh 1.7h : Mach khuech dai dao 


Do OP-AMP cb tong trb vao rat ldn nen dong dien ngb vao 
ii rat nhb. Ngb 1„ + cb R.i noi mass nen cb dien up V m + = OV. Ngb I,,' 
cb dien ap chenh lech vbi ngb l„ + rat nhb nen V in 's OV va ngb I„‘ 
difdc xem nhtrdiem mass gia. 
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Mach dicn tu 1 - Tap 2 


Ngnyen Tan Phifdc 


Do tin hieu V, vao ngd I n ' nen tin hieu ra V () se co dien ap 
ngifctc dau. Ncu V L > OV thi V ( > < OV va ngifdc lah 

Theo hinh J .1 y dong dicn i[ qua R[ di tuf ngoai vao la do V, > 
OV. Nhif vSy, dicn ap V () < OV va dong dicn i 2 sc di (it ngd l h qua 
R 2 den ngd ra. Th vtc tc, dong i| chinh la dong dicn i 2 => i| = i 2 . 

Hai dien trd R t va R 2 tao thunh cau phan ap cd diem gitfa la 
ngd I ri vdi dicn ap V m ^ OV. 


Suyra: = — L va d =—— 

/?, R 2 



Qua hieu tlufc linh A v *cho thay: 

• ncu giam R 2 = R, thi Am = -1 

• ncu giam R] = GO thi A V r —> (thifc te thi A V f- se lien 

tdi gidi han bao hda la do khueeh dai vdng hd A\o)- 

Khi thay doi tri so R] se lam thay doi tong trd ngd vao, khi 
thay doi tri so R 2 chi lam thay doi do khueeh dai eon tong trd vao 
khdng doi. Tuy nhien, gia tri R 2 phai diftfc chon trong gidi han eho 
phep. Neu ebon tri so R 2 qua nhd, dong ngd ra eua OP-AMP se 
vu'dt qua tri so Io nillv vi dong ngd ra la dong ra tai va dong hdi tiep 
qua R 2< Ncu chon R: cd tri so qua Idn thi much khueeh dai de hi 
nhieu va khdng on dinh. 

Thong thifdng R 2 difde chon trong khoiing 2kQ den 2M£2. 
Dien trd on dinh nhict R; thifdng chon cd tri so: 
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Chining 1 


Mach khuech dai thuai toan 


R , - R t UR, 

Trong much khuech dai dao hinh 1.7b, tong trb vab eiia 
math Z, chinh la Ri (vi ngd I n ' dtfbc xem !a diem mass gia). Muon 
tang tong trb vao Z, thi phai tang R|, dieu nay se lam giant dp 
khuech dai hoi tiep A V f- 

De c6 tong trot vao cua mach Z| lbn ma dp khuech dai hoi 
tiep van I bn, cb the dung mach khuech dai dao theo set do hinh 1.8. 

Cong thu'c tinh dp khuech dai hbi tiep cua mach hinh 1.8: 

, R ; R, + R, 

/it I ■ 

R a 

R2 1M 



Hinh 1.8 : Mach khuech dai dao cb tong trb vao Z| Ibn 
Vbi cac tri so dien trb trong mach, dp khuech dai: 

A V f= - 100 

Dien trb R[ = IMQ nen tong trb ngd vao Zj van cb tri so lbn. 

3) Mach lap hay mach d£m (hinh 1 .9) 

Mach lap la mach khuech dai khbng dao cb dp khuech dai 
Avf = •- Trong mach nay, tin hieu vao dba den ngb I„ + , ngo diTtic 
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Mach dien tU - Tap 2 


Nguyen Tan Phude 


noi true tiep den ngo ra. NhUva 
ra Vo (mach hoi tiep am 100%). 

t V+ 



Hinh 1.9a : Mach lap DC 


Bp khuech dai hoi tiep: 
Tong tret vao cua mach: 



, dien ap hoi tiep Vi bang dien ap 




(rat ldn = vai tram MO) 


Trong mach lap AC co tu lien lac C 1 -C 2 de each ly dien ap 
mot ehieu giufa cac khoi. Dien trd 1MQ d ngo 1 ; T noi xuong mass 
co tac dung on dinh nhiet cho OP-AMP va de tao dong nap xa cho 
tu Ci. Do cd dien trd IMQ nen tong trd vao se giam va bang 1 MC1 


Bac diem cua mach la tong trd vao rat ldn, tong trd ra rat nhd (= 
vai Cl) nen mach lap dupe dung lam mach doi tong trd tU ldn ra 
nhd. 


4) Mach tao lech pha (hinh 1.10) 

Hai OP-AMP (1) va (2) la hai mach khuech dai dao cd do 
khuech dai hoi tiep bang 1. 

AvFI = A vp2 = 1 
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ChiAing I 


Mach khucch dai thuat loan 



Hinhl .10 : Mach tan tin hieu dao pha 


Do trong much co dien trd ngo van R, = Rj = R 4 = lOOkQ va 
dien tret hoi tiep R, = R : = R 5 = lOOkfi nen dien ap ra dao dau 
nhtfng co cung bien dp vdi dien ap vao. 

Nhif vay, dien ap ra V U | dan dau vdi Vj, dien ap ra V „2 dao 
dau vdi V o] nen V 1)2 cung dau vdi V,. Dien ap ra V„| va V o2 la hai 
dien ap ra cung bien dp nhifng dao pha can bang. 


§1.5 CAC PHEP TOAN COt BAN 
l)Machcong (hlnh 1.11) 
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Mach dien ift- Tap 2 


Nguyen Tan PhifOc 


De lhi/c hien phep cong nhieu tin hieu th'i OP-AMP co nhieu 
dien trd cl ngo van noi ehung van ngo I n " hay I„ + . Ncu cho van ngo 
I n " la mach cong dao dau, van ngo I,,"" la mach cong khong dao dan. 

Dicn trd R 4 la dien trcJ hoi tiep, dien ird R 5 on dinh nhiet cho 
OP-AMP. Neu xet rieng tCfng ngo vao, moi dien tret cung vdi R 4 tao 
thanh mach khuech dai dao vdi do khuech dai dien ap hoi tiep: 


A 


ti 1 — 


*4 



17 


*1 


Khi cutig luc co tin hieu vao ca 3 ngo, cac dong dicn of moi 


ngo vao deu qua dien trtf hoi tiep. Vi vay, dong qua R 4 chinh la 
tong cua 3 dong dien vao cua R] - R 2 va R.v 


Dien ap ra di/Oc tinh theo cong thtfc; 
V = V + V + V , 

v o Y n\ T r 02 os 


K> = 




n R t ' 12 R z ,l R> 


K, = 


V V V 

-R + + 

R. R, R x 


Do Uli dien ap cua mach van difOc tinh theo cong thtfc ciia 
mach khuech dai dao: 

A n . = (Rp = R 4 ) 

R t 

Cl cac ngo vao thifdng chon: R| = Rj = R 3 = Ri 

Neu chon: R 4 = R| = R| = Ri = R 4 va chon: R 5 = R, // R 2 // R 4 
// R 4 thi mach co do khuech dai dien ap la 1 va dien ap ra: 

Vo = -( V n + Vi2 + V B ) 
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Chiron i: I 


Mach khucch dai ihual loan 


So do much hinh 1.12 la mach cong khdng dao dau. Cau 
phan ap R ? - R 4 la mach hoi tiep tit dien ap ra Vo Ird vc ngd I,,'. 

Xet rieng tifng ngd, do khuech dai hoi tiep cua much van la: 


A, = 


R, + R. 


Khi chi cd ngd vao Vn (V 12 = 0) thi R|-R 2 la cau phan ap d ngd 
vao non dien ap tac dung len ngd I n + : 




R 1 + /?■> 


(R 2 xem nhif ndi mass) 


Khi chi cd ngd vao V i2 (Vn = 0), dien ap tac dung len ngd 

V. - V,-, - - — (Ri xem nhif ndi mass) 

R,+Ry 


Khi cung luc cd ca hai tin hieu V,| va V | 2 thi dien ap d ngd 
V =V —^_ + V ^_ 

* / ''ll rv w* „ 


/?, + /?, + 


RI 



Hinhl. 12 : Mach cong khdng dao dau 


Dicn ap d ngd ra; V 0 = V } A rf _ 
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Mach dien lir - Tan 2 


Nt:liven Tan Phtfdc 


y R l + R, 

" ' R 2 

TrUrlng hop co 3 tin hieu cung vao ngo I n + thi eong thu'c tinh 
dicn up ra sc phtfc tap hefn. 

2) Mach trif (hay mach khuech dai vi sai) 

Mach trif cd hai tin hieu vao d hai ngo I n + va I„". Dien ap ra 
ti 16 vdi hieu so dien ap cua hai tin hieu vao nen mach cd chtfc 
nang thu’c hicn phep trcT, 


R1 R2 

Vt1 



v y 

O ngo vao I n \ hai dien troi R|-R 2 tao thanh mach hoi tiep 
cho mach khuech dai dao la - R 2 /R|. 

O ngo vao I„ + , hai dien ini R.1-R4 tao thanh cau phan ap lam 
giant dien ap vao OP-AMP theo ti le: 



R-i + R t 


Trifling hPp nay la mach khuech dai khong dao vi'li cau phan 
ap Ri-R 2 la mach hoi tiep ve ngo 1„. Dp khuech dai khong dao: 


A 


u 


R\ + R-, 

R \ 
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ChiMnu 1 


Mach khucch dai Lhuat toan 


Neu xet rieng tifng ngo vao, (lien ap ra cho ngo vao 1„ : 

V - V (-^-) = -V — 
v o\ v n v r» ' wi 




R t 


Dien ap ra cho ngo vao I n + : 

R^ /?!+/?> 


V - V 

w tn ! 2 ■ 


R^ + R A /?i 


Khi eung luc cd tin hicu vao ca 2 ngo Ih'i (lien ap ra la tong 
hai dien ap tren: 


V = V + V 

V -V 

V () y 12- 


R a /?, + R-, fr R } 


R, 4- R a 


±-l 


R t 


Hay; 


V. 


= y hlh R L _ V 
n 'R, + R,'R, n R. 


Tuy theo yeti cau vc do khuech dai cd the chon tri so cac 

R R 

dien trd nhifng phai theo dien kicn: — = — 

R 2 ^4 

Vdi dieu kien tren do ldi dien ap cua mach: 

4 = *L-*L 

Dien ap ra ciia mach tru’ diTiJc tinh Ihco cong thtfc: 

Ri 


K>=(Vn-K,)- 


R , 


2) Mach tich phan (hinh 1.14) 
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Mach dien ttir- Tap 2 


Nguyen Tan Phudc 



Hinh 1.14 : Mach tich phan ctao 


Mach tich phan co tin hieu vao ngo dao I„\ mach hoi tiep tLT 
ngo ra ve ngo I n ‘ la tu C. Dien trt’i Ri la dicn trot nap xa cua tu, dien 
trot R 2 on dinh nhiel cho OP-AMP . Thiftlng chon: R] = R 2 = R. 

Do tinh chat cua OP-AMP non dong dien li vao OP-AMP 
xem nhtf bang 0, diem I,,' xcm nhif diem mass. Ta co: 


Dong Ip la dong nap vao tu nen: /, ~-C —- 

dt 


Suy ra: — = dV =—— V.dl 

R dt RC 


Lay tich phan ta co: V a - — j L, .dt 


RC chinh la hang so thcti gian nap xii ciia tu C. Dau trir trong 
cong thdc la do mach diio dau. 
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drifting 1 


Mach khucch etaL ihnat loan 


Do dac ti'nh nap xa cua tu dicn, khi ngd vao c6 tin hicu dang 
xung vudng thi it ngd ra sc cd tin hicu dang rang cifa hay tam giac 
va ngifdc dau. 

Mach tich phan se dUde phan tich ky hdn trong chifttng 
“Mach loc”. 

4) Mach vi phan (hinh 1.15) 

Mach vi phan cd tin hieu vao ngd duo 1„‘ qua tu C, much hoi 
ticp tif ngd ra vc ngd 1,,' la dicn trd R (each lap RC n glide lai vdi 
much tich phan). Dicn trd R, ndi ngd I/ xuong mass do on dinh 
nhict cho OP-AMP. 


I| ct 

—- w 



Hinh 1.15 : 
Mach vi phan 


Do tinh chat cilia OP-AMP, dong dicn vao h = 0 nen li = If 


Dong dicn l| la dong nap qua tu C difdc tinh then edng lhi?c: 
,dV, " 


/, =( 


c/I 


Do ngd I„ xcm nhif diem mass nen dong dicn hoi ticp: 
II. 


I, =- 


R 


Suy ra: 1 


V. 


di 
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Mach dien tfr - Tap 2 


Nguyen Tan Phi/dc 


K 


-RC d ± 

dt 


RC chinh la hllng so ihdi gian nap xa cua tu C qua R. Dau 
irif trong cong thuTc la do mach dao dau. 

Do dac t»nh nap xa cua tu, khi ngd vao co xung tarn giac thl 
ngd ra cd xung vudng va ngifcJc dau. 

5) Mach khuech dai phi tuyen (semi-log) 

Cac mach tren la cac mach khuech dai tuyen imh. Mach 
khuech dai phi tuyen co dien ap ra ti 1C vdi dien ap vao then ham 
logarit nhd mach hoi tiep phi tuyen dung diod (diod cd dong dien 
thuan t? 1C logarit vdi dien ap dat vao chan AK). 

Trong mach dien hinh 1.16, difdng hoi tiep la hai diod 
silicon mac song song ngifdc chieu. Khi diod cd dien ap Vi> = OV, 
diod cd noit trd rat Idn non cd dp Ufi cao. Khi cd dien ap vao Idn, 
diod cd noi tr<f nhd nen cd dp lefi bi giam nhd. 

Dien trd R> on dinh nhict cho OP-AMP. Thuftng chon R|=Rv 

Dien ap ra duTdc tinh theo cong thuTc: 



lTmh 1.16 : Mach phi tuyen 
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Chifttnn 1 


Mach khuech dai thuat loan 


Neu dien ap tin hieu vac cd dang hinh sin thi tin hieu ngf> ra 
co dang gan nhtf vudng. 


§1.6- MACH TAO XUNC, DUNG OP-AMP 

1) Mach Flip-Flop dung OP-AMP 

Mach F/F dung OP-AMP nhU sd do hinh 1.17, co hai OP- 
AMP lam viec nhtf hai mach khuech dai so sanh. OP-AMP sc d 
trang thai hao hda difdng neu cd: 

V[ + >V,-- => Vo = +V( c 

hay d trang thai hao hda tim neu cd: 

V,' >V, 4 => V o = + 0V 



Hinh 1.17 : Mach F/F dung OP-AMP kich doi 
trang thai bang xung am 










Mach dicn tut - Tap 2 


Nguyen Tan Phlfdc 


Gia thiet much co irang thai nhif hinh vc vdi V () | = +Vrr va 
V(»2 = 0V. 

OP-AMP © difdc hoi tiep tif V () 2 = OV vc ngd In" qua dien 
trd lOkO nen van co V| + > V] va Vqi = +Vcc »n dinh. 

OP-AMP © difdc hoi tiep tif V ( >| = +Vcr ve ngo In qua dicn 
Ird 10kQ (H)kQ « lOOkQ) nen van co Vf > V ( + va V(>| = OV on 
dinh. 

Day la irang thai on dinh thtf nhat ciia much F/F, OP-AMP 
© d hang lhai bao hoa difdng va OP-AMP © d trang lhai ban hba 
am. Be doi trang thai ciia F/F, cho cdng tac S ndi vao ngo In ciia 
OP-AMP © dang bao hoa am. Luc do, Vf = OV va V/ >V| non 
OP-AMP © chuyen sang bao hoa difdng, V 02 s +V { - C qua dicn lid 
hoi tiep 10K sc lam doi trang thai ciia OP-AMP © tif bfio hoa 
difOng sang bao hoa am vi liic do OP-AMP © cd Vf > V| + . 

Litu v : Diem trd hoi tiep phiii cd tri so kha nhd so vdi dicn 
trd ndi ngo In + len ngudn +V ( ( - 

Cong tac S cd diem chung ndi mass xem nhtf xung am kich 
dicu khien F/F. Cong tac S cd the ndi len ngudn +V ( <-■ qua dicn trd 
de kich doi trang thai ciia F/F nhif xung dudng kich dicu khien F/F. 
Trifdng hdp nay xung difdng phai difdc difa vao OP-AMP © dang 
bao hoa difdng. Set do hinh 1.18 la mach F/F doi trang thai bang 
xung difdng. 

Nhtf vav, de doi trang thai ciia F/F cd the dung mot trong 
hai phifdng phap sau: 

- Cho xung am (hay mife dicn ap thap) vao ngd In’ ciia OP- 
AMP dang bao hoa am. 

- Cho xung difdng (hay mtfc dien ap cao) vao ngd In ciia 
OP-AMP dang bao hoa difdng. 
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Mach dicn luf 


Nguyen Tan PhuVlc 


Mach Flip-Flop hinh 1.19 dung hai diod Di-D 2 de nhan xung 
kich d ngo vao va hai diod DvDj de lay dicn ap hoi tiep. 

Gia suf mach dang co trang thai on dinh nhd hinh ve, OP- 
AMP © dang bao hoa duVtng, V 0 | £ +Vcc ; OP-AMP © dang bao 
hoa am, V c >2 = OV. 

Triicfng hdp nay neu cho xung am vao ngo V| 2 cua OP-AMP 
dang bao hoa am thi diod D 2 bj phan ctfc n glide nen xung am khdng 
tac dong ddefe vao mach F/F va mach khong doi trang thai. 

Muon doi trang thai cua mach F/F phai cho xung difOng vao 
ngo Vii cua OP-AMP dang bao hoa durong. Luc do, diod D| dtfdc 
phan euT thuan se cho xung dddng vao mach F/F va lam mach doi 
trang thai. 

Nhur vay, khi suf dung diod nhif hinh 1.19 thi 2 mach F/F chi 
con mot each kich doi trang thai la cho xung dudng (hay mtfc dien 
ap cao) vao ngo In~ cua OP-AMP © dang bao hoa dtfdng 

3) Mach dao dong tich thoat 

a) Nguyen ly: 

Mach dien hinh 1.20 la sd do mach dao dong tich thoat dung 
OP-AMP de cho ra tin hieu vuong. 


R 



Hinh 1.20 : Mach dao dong tich thoat 
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Chifiint; 1 


Mach khuech dai thuat toan 


Sd do cd hai much hoi tiep tif ngd ra vd hai ngd vao. Cdu 
phan ap RC hoi tiep ve ngd In , cau phan ap R 1 -R 2 hoi tiep ve ngd 
In 4 . 

Be giiii thich nguyen ly mach, ta gia su" tu C chifa nap dien va 
OP-AMP dang d trang thai bao hoa diking. Luc nay, cau phan ap 
R 1 -R 2 diTa dien ap diking ve ngd ln + vdi mufc dien ap la: V () = +Vcc- 

V » =+V «'TrF =V '' < V in >0V) 

A, + K 1 

Trong khi do, d ngd In - cd dien ap tang dan len ttJf OV, dien 
ap lang do tu C nap qua R then qui luat ham mu vdi hang so thdi 
gian la t = RC. 

Khi tu nap va cd V~ < V;* thi OP-AMP van d trang thai 

bao hda diking. Khi tu C nap den mufc dien ap Vj” > thi OP- 

AMP doi thanh trang thai bao hda am, ngd ra co Vq 2 -V cc . Luc 
nay, cau phan ap R 1 -R 1 dtfa dien ap am ve ngd In + vdi mdc dien ap 
la: 

V in = "Vcc ~= V u ( V ; ; < OV) 

re, + a, 

Trong khi do, ngd In" van con dang d mtfc dien ap diking 

D 

vdi tri sd V ; ~ > +V c -c--— do tu C dang con nap dien. Nhif vay, 

/?, +.R 2 

OP-AMP se chuyen sang trang thai hao boa am nhanh cho canh 
vudng thing dtfng. Tu C bay gid se xa dien ap dLfdng dang nap Iren 
tu qua R| va tai d ngd ra xuong mass. 

Khi tu C xa dien ap diking dang cd thi V* vin d mufc dien 

ap am nen OP-AMP van d trang thai bao hda am. Khi tu C da xa 
het dien ap diking se nap dien qua R de cd dien ap am do ngd ra 
dang d trang thai bao hda am, chieu nap dien bay gid ngikic vdi 
chieu dong dien nap tren hinh ve. 



Mach dien tijr - Tap 2 


Nguyen Tan Phifdc 


Khi tu C nap dien ap am den mtfc V in < V* (ngo In nhd htfn 
ngo In*) thi OP-AMP lai doi thanh trang thai bao boa tlifdng ve ngd ra 
co Vo_ +Vcr. 

Mach da trd lai trang thai gia thiet ban dau va hien ttfdng 
tren ctf tiep dien lien tuc tuan hoan. 

b) Dang song d cac chan : 



0 

k ; 


+Vcc 

■ 


■ 




+v cc 








Hinh L21 : Dang song ngo van va ngo ra 

Mtfc gidi ban dien ap ngo ra: 

Vomax = +Vcc va Vo inm = — V(’o 
Mtfc gidi han dien ap d hai ngo vao: 


3b 


Chiftmg 1 


Mach khuech dai ihuai loan 


VA = +Vcr _L va V b = - Vcc ~~r 
R\ + R-, R\ + R-, 

Dang dien ap <3 ngo In - la dang tarn giac. Thdi gian dien ap 
<3 ngo In” tang tif Vb len V A la thcli gian OP-AMP bao hda dudng, 
thdi gian dien ap ngo In’ giani (if V A xuong Vb la thc'ti gian OP- 
AMP bao hoa am. Dang dien ap <3 ngo In + va ngo ra la trang thai 
xLing vuong doi xtfng. 

Chu ky cua tin hieu: T = 2RC.ln 

Suy ra tan so cua tin hieu: f= — 

T 

TntfJng hop dac biet : 

•R, = 2R 2 => T = 2RC.ln2 = 2RC.0.69 

af .--L -a—!— 

2.0.6 9.R.C IA.R.C 

• R, = R, => T = 2RC.In3 = 2RC. 1,1 

=> f= —-— 

2.2.R.C 


(In2 = 0,69) 


(ln3 =1,1) 


c) Mach doi tan so: 

Theo cong thtic tlnh chu ky va tan so dao dong nhif trC*n ta 
co the doi tan so" dao dong bang cac phudng phap sau : 

• Thay doi tt so cau phan ap mach hoi tiep diftlng (R| va R 2 ) 

• Thay doi trj s6 dien tr<3 R hay tu C trong mach hoi tiep am. 

Tan so cua mach dao dong tlnh thoat hinh 1.22 dude tlnh 
theo cong thtfc: 


37 



Mach Jicn i\t - Tap 2 


Nguyen Tan Phift'fc 


7= 2(7? + VRi)C.In 



Hmhh22 : Mach dao dong tich 
thoal doi tan so 


2 (R 2 +VR 2 ) 

R i 



Hinh 1,23 : Mach dao dong tich 
thoat doi chu trinh lam vice 


(I) Mach doi chu trinh lam vice: 

Trong sd do mach dao dong tich thoat cd ban dung OP- 
AMP, tu C nap dien va xa dien deu qua dien trd R nen hing so thdi 
gian nap va xa bang nhau. Bicu nay co nghTa la thdi gian xung 
vudng cd dien ap cao va cd dien ap thap dai bang nhau. Xung 
vudng ra la xung doi xtfng cd chu trinh lam vice la D = 50%. 

De thay doi chu trinh lam vice, mach dao dong tich thoat cd 
set do nhif hinh 1.23, bien trd VR se lam thay doi thdi gian nap va 
thdi gian xa cua tu theo hai hifdng ngifetc nhau, nen tang thdi gian 
nap se lam giam thdi gian xa va ngiftfc lai. 

Khi tu C nap dien ap during, lif ngu ra se nap qua dien trd R. 
hien trd VR (phan durii) va qua diod Khi tu C xa dien ap during 
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ChUdng 1 


Mach khuech dai thuat toan 


va sau do nap dien ap am se xa qua R, bien trd VR (phan tren) va 
qua diod D|. 

K.hi dieu ehi’nh bien trd VR chi lam thay doi chu trinh lam 
viec ma van gift nguyen tan so dao dong. 

3) Mach tao xung vuong va tam giac 

Rs 



Hinh 1.24 : Mach tao xung vuong va tam giac 


Mach dao dong tich thoat cd ban tao xung vuong doi xtfng d 
ngd ra. Neu kct hdp mach tich phan tich ci/e dimg OP-AMP ihi 
mach cd the cho ra xung tam giac. 

OP-AMP (D la mach dao dong tich thoat de tao xung vuong 
theo nguyen ly tren. Xung vuong dddc lay tren bien trd VRi de 
thay doi bien do ngd ra. 

OP-AMP (D la mach tich phan tich cifc nhan xung vuong tif 
ngo ra ciia OP-AMP (D doi thanh dung xung tam giac. Xung tam 
giac di/dc lay tren bien trd VRi de thay doi bien do ngd ra. 
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Mach dien tu 1 - Tap 2 


Nguyen Tan Pht/Oc 


§1.7- HAl TRANG THAI BAO HOA CUA OP-AMP 

1) Hai trang thai bao hoa cua OP-AMP 

Be there hien chtfc nang chuyen doi trang thai cua much, 
ngoai transistor, co the dung OP-AMP nhd vao 2 trang thai bao 
hoa cua no trong mach khuech dai so sanh. 



Hinh 1.25 : Mach khuech dai so sanh 


So do hinh 1.25 la mach khuech dai so sanh cO ban dung hai 
nguon doi xtfng ±Vcc- Bien ap vao ngb khong dao (ngo +) gpi la 
V| + va dien ap vao ngo dao (ngo -) gpi la Vf. 

Tuy thupc dien ap d hai ngo nay so vdi nhau ina OP-AMP 
se d mol trong hai trang thai sau: 

Neu: V, + > V,“ thi V ( > = +V c c la trang thai bao hoa dUOng 

Neu: V, > V, + thi Vo = -Vcc gpi la trang thai bao hoa am. 

Trong thtfc tc mach khuech dai so sanh se nhan mot dien ap 
d ngo vao V, de so vOi dien ap chuan V«. Tuy theo you can ciia 
moi mach ma ta cho dien ap ngo vao V, vao ngo dao hay ngo 
khong dao va dien ap chuan V K vao ngo con lai. 

a) Dien dp V t <1 hro dao, dien dp chuan V K d npd khdnp dao; 
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Mach dicn hJf - Tap 2 


Nguyen Tan Phu'ric 


Hai trang thai ngat va dan bao hoa cua transistor hay hai 
trang thai bao hoa diftlng va bao hbu am cua OP-AMP difdc dung 
de cho ra hai dien ap rmic cao va mure thap tao ra tin hieu xung 
dien. 


§1.8- CAC CNG DUNG KHAC CUA OP-AMP 

OP-AMP con rat nhieu ifng dung trong cue ITnh vvfc khac 
nhau nhif: 

- Mach loc tich cu’c (ket help R-C) 

- Mach dao dong tao tin hieu hlnh sin 

- Mach on ap (kel hdp vdi diod Zener) 

- Mach dong ngiit dieu khien rd-le. 
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CHlfCfNG 2 


MACH LOC 


§2.1- DAI CLfGfNG 

Mach loc la mot bo phan rat quan trong trong ky thuai mach 
dien tuT. Mach loc cd tac dung cho mol dai tan so di qua va chan dai 
tan so con lai, do do, much loc difpc dung de chon loc tan so hay 
loai bd lan so ciia cac tin hieu dien. 

Trong ky thuat mach dien uY ngifdi ta phan loai mach loc 
nhu’ sau: 

1) Phan loai theo linh kien 

a) Mach loc ihu dang: 

La nhffng mach loc chi gdm cac linh kien thu dong nhifdicn 
irI R, tu dien C va cupn day L. 

Co cac loai mach loc ihu dong nhu’: 

- Mach loc RC\ RL, RLC 

- Mach loc hmh ti, hinh T 

h) Mach loc tick cue: 

La nhffng mach loc ket hpp cac linh kien thu dong R-L-C 
vdi cac linh kien tich ci/c nhif transistor, OP-AMP... 

Mach loc thu dong cd nhiTdc diem la lam suy giam nang 
lifting qua no, khdng cd tinh khucch dai va khd phoi hop long trd 
vdi cac mach khae. 

Mach Ipe tich cifc dung transistor, OP-AMP... de cd the 
khuech dai, phoi hop tong trd, dieu chinh do suy giam... nham cai 
thien nhiftfc diem cuu mach loc thu dong. 
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Mach dicn U£ - Tap 2 


Nguyen Tan PhUdc 


2) Phan loai theo tac dung 

Tuy theo lac dung chon lpc hay loai bd tan so cua mach loc, 
ngudi ta chia ra cue loai mach lpc nhu 1 sau: 

- Mach lpc ha thong (cho tan so thap qua, bd tan so cao) 

- Mach lpc thifpng thong (cho tan so cao qua, bd tan so thap) 

- Mach loc dai thong 

- Mach lpc dai triet 

- Mach vi phan, mach itch phan. 


§2.2- DAP LfNG TAN SO (Frequency reponse) 

Mach lpc cung la mol loai mach ti? cl Jc cd hai cifc d ngd vao 
va hai cifc d ngd ra nhu' hmh2.1. Dien ap d ngd vao ta V n dien ap d 
ngd ra la V u . 

Dc khao sat dac linh cua mach lpc theo tan so, nglfdi ta 
dung tin hieu hinh sin (la tin hieu tieu bieu cho loai tin hieu tuyen 
tinh) dal d ngd vao, roi do dien ap d ngd ra. 


Vi 




X 


Mach lpc 





Hinh 2.1 : Mach loc (Jung tuf cifc 


Dap ufng tan so cua mach lpc diftfc dinh nghTa la ti so gida 
dien ap tin hieu ra V () tren dien ap tin hieu vao V|, theo bieu thufc: 


A = 


V, 


(V„*Vj la gia tri hieu dung) 


A con difpc gpi la ham truyen cua mach lpc. 
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a) ha thong b) thifdng thong c) loc dai d) 1 pc dai triet 

thong 

Hinh2.2 : Dap (frig tan so cua mach loc 

Do mach loc thu dong cd day du cac tinh nang cat ban cua 
bo loc, mach loc tich cdc chi diing de cai thien nhude diem ciia 
mach loc, do do, khi phan tich tinh nang cua cac bp loc thirttng 
ngufti ta phai khao sat trifdc tren cac mach loc thu dong RC, RL 
hay RLC. 


§2.3- MACH LOC THU DONG DUNG RC 
1) Mach loc ha thong (hinh 2.3) 

(/) Set (id - Dap ting tan so: 



Do tu C cd dung khang: -jXc vdi Xc = 1/toC nen trong mach 
RC vda cd so thde (real) vita cd so ao (imaginary) difttc goi la so 
phde (complex). 

TCr cau phan ap R va -jXc, tinh dien ap ra V„ thco edng there: 
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Mach dicn tir - Tap 2 


Nguyen Tan Phuffle 


V 


v,i-j ' ) 

co( 


R-J 


(OC 


Suy ra dap i^ng tan so cua mach loc ha thong: 
. I 


^ _ Li __ 1 foC 


_ (OC _ 

f ' R-i ( R -j 
(»( (0( 

Ta da biet: j.j = j " = -1 nen suy ra: 

1 = _L_ 

1 + jcoCR 

Mau so 1 + jotCR la so phtfc dupe phan tich nhu hinh 7.4 
trong do true hoanh so thife la 1, true tung so ao la coCR, canh 
huyen tam giac vudng la bien do eiia so phife, <p la goc pha. Do do, 
dap uTng tan so eon dupe phan ra dap tfng bien do va dap tfng pha 
theo tan so. 

h) Dap ting bien tip: 

Theo htnh2.4, bien do eua so phtfc la canh huyen nen ta co: 


+ j (OCR =^j\ + ((oCR) i 


Dap uTng bien dp eiia mach loc ha thong: 

1 


A = 


A 

1 


ri 

1 + ja)RC 

n- 


yjl+UoRC) 1 

Nhan xet: - d tan so thap: f -*■ 0 nen « —>• 0 


(at = 2 rtf) 


A = 


ViTo 


= i 


v=v. 


4ft 



Chtftfng 2 


Mach loc 


- i'i Uln so cao: f —> qc nen —> oc 

,1 = -=L= = o => K -* o 

Vl + <x> 

cl tan so dac biel l'c (hay coc) sao cho: 

R = — - —— 

0 )C IrrfC 

1 /• 1 

(O — - / =- 

‘ RC " 2 nRC 


Thay ay = —— vao dap uYig bien do A ta c6: 


= 


l + ( 1 J?C ) 2 ^ 

RC 


= 0.707 


Tan so nay dlfdc gpi la (an so cat fc (hay o>c). CJ tan so nay 

bien do (in hieu ngo ra bi giam di —lan so vdi bien do tin hicu 

V2 

vao (hinh 2.4). 

A 




c) f)dp i?nf> pha : (hlnh 2.5) 


Pha <p cua A - 


1 + jcoRC 


- chinh la pha cua 1 tru" di pha cua 


1 + jtoRC. 
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Mach dicn LuT - Tap 2 


Nguyen Tan Phufle 


Ta c6: <p = 0 - arctgo>RC = -arctgcoRC 
C5 tan so thap f —> 0 nen co —> 0 
=> q> = -arctgO = 0° 

O tan so cao f —> x nen o> —> x 
:=> (p = -arelgoc = - 90 (1 

Jf. v y , 

O tan so cat f = t'c , o> = oic thi 
=> tp = -arctgl = -45“ 

Nhif vay, tin hieu ra bi chain pha so vdi tin hieu vao. CJ tan 
so thap nu'fc chain pha nhd, d tan so cao inu’c chain pha Idn hdn va 
d tan so cQt mtfc cham pha la 45". SuT chain pha nay ('1 nhicu trufdng 
hop sc lam cho tin hieu ra hj meo dang so vdi tin hieu vao. 

d) Dap ring hien do iinlt bring deciBel : 

Tirong tu" nhif do khuech dai dien ap cua OP-AMP thuOng 
dude tinh bang don vi deciBel (dB), dap uTng bien do A cua mach 
loc cung thifilng di/Oc tinh bang don vj dB theo cong thtfc: 

1 

} + ((oRC) 2 

Suy ra: A iln - 201gl -201g^/? + (ra/?O 2 

A M =0-20\g J\ + (roRC) 2 

Khi f —» 0 , £» —> 0 ^ A dB = -201gl =0 

Khi f —> x, co > cc => A ( ib = -201goc = -x 

Khi d tan so cat: co - a), ~ —— =>/*=/' = —-— 

‘ RC ‘ ’ 1 2 nRC 

A iIH =-201g>/2 =-2ohgy/2 =-3(W (lg2 = 0,3) 


djH = 201g/4 = 20 lg 


7 
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ChtTOng 2 


Mach loc 




Hinh 2.6 : Dap ting bien dp 
tinh bang dexiben 


Hinh 2.7 : Dap ting bien dp 
theo gian do Bode 


Tri so tren true hoanh la ti so cua tan so f so vdi tan so cat fc 
va difpc ghi theo giai logarit cd so 10. 


Khi f= t; 

thi 


=> 

A,ib = -3 dB 

Khi f= 2f. 

thi 

— ~2 
f. 


Ajb = -6 dB 

Khi 1= 10i c 

thi 

L-_\ 

/; 

=> 

A,ib = -20 dB 

Khi 1= l()0t; 

thi 



Ajb= -40 dB 


L 


Nhan xet: 

• Khi tan so f tang len gap doi thi A giam xuong 6clB gpi la - 
6dB/octave (octave = quang X trong am giai). 


• Khi tan so f tang len gap mitffi Ian thi A giam xuong 
2()dB gqi la -2()dB/decade (decade = quang 10). 

De d<fn gian trong tinh toan, ngu’di ta dung hai dudng tiem 
can de bieu dicn dap uTng bien do A (dB) gqi la gian do Bode (h)nh 
2.7). 
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Mach dicn ttir - Tap 2 


Nguyen Tan Phifcfe 


2) Mach loc thi/dng thong 

a) So do , dap ting kin so: (hmh 2,8) 


—u 

V, c 





*—11—r~ 

y jXr R | 





Hmh 2.8 



Td cau phan ap -jX^ va R nhd hmh 2.X, ta tmh dittfc dicn ap 
ra V 0 theo cong thu’c: 


K> = 


l',R 


V, 


R-i 1 1-/ 1 

(OC (ORC 


Suy ra dap uTng tan so cua mach loc thddng thong: 

1 


V 


' 1 -./ 


1 

(oRC 


h) Dap dug bien dp: 


Ta cd: A - 


A 


W 


(oRC 


\ + 


( 1 V 

yCORC j 

Nhan xet: - d tan so thap: f —> 0, cd -> 0 


A = 


= — -»0 


oo 


nen V n -> 0 


1 + 


0 


- d tan so cao: f -» oc, —> oc 
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ChUdng 2 


Mach ioc 


A = 




nen 


1 + 


( 1 \ 


coy 


K> = V, 


i . l 

(1 tan so cat: / - / t = - hay (» - o> t = 


IttRC 


RC 


A = , 1 = 4.- = 0,707 

v 1 M 



f \ 

1 + 

1 

1 

1 

RC 

II 

{RC J 


6 tan so cat bitoi do tin hieu ra hi giam di 0,707 Ian so vdi 
bien do tin hieu vao (hinh 2.10). 



c) Dap ting pha: (hinh 2.11) 
1 


Pha cua A = 


»-/ 


1 

(l>RC 

/ 


Taco: cp - 0 - arctg 


la pha cua 1 truf di pha cua 1 - j 


arctg 


o)R(' 


(oRC 


(oRC 


0 tan so thap f —> 0 nen © —> 0 
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Mach (lien ti/ - Tap 2 


Nguyen Tan PhitOc 


q> ~ arclg — - arctgoc = 90 11 


U tan so cao f —> oc nen 


o> 


OC 


<p = arefg 


co 


- arctg 0 = O' 


(3 tan so cTU f = t’c , w = 6t<~ thi 


cp = arctg 1 =45" 

Nhif vay, tin hieu ra hi sbm pha so vdi tin hieu van. Cf tan so 
cao mi/c silm pha nho. Cl tan so thap mure sdm pha kin h<tn va <1 tan 
so cat thi mute s<1m pha la 45". Si/ sdm pha nay ti nhieu trifling help 
se lam cho tin hieu ra bi nieo dang so vtli tin hieu vao. 

Tifiing lit, ta cung cb the tinh dap ifng bien do then dB, ve 
gian do Bode va cd nhan xet: 

• khi tan so f bang tan so cat f = f ~ —^— thi bien do tin 

2,7 RC 

hieu ra bj giam 3dB (-3dB/octave). 

• khi tan so f giam con 1/2 thi A giam 6dB (-6dB/octave). 
•khi tan so f giam con 1/10 thi A giam 20dB (-20dB/decadc). 

3i Mach loc dai thong 


k, c. 



Ha thong A| Thifdng thong Ai 
Hinh 2.12 : Mach loc dai thong 
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Mach loc 



Mach loc dai (hong chinh la mach loc ha thong ghep noi 
tiep vdfi mach loc thiMng thong nhif hinh 2.12. 

Dap i?ng tan so cua mach loc dai thong chinh la tich so cua 
hai dap ufng tan so mach ha thong va thdclng thong. 



















Mach dicn luf - Tap 2 


Nguyen Tan PhUde 


Dap ring tan socua mach Joe dai thong: 


NhU vay, dap tfng bien do chinh la tfch so” cua hai dap ufng 
bicn do. 

A = Ai.A: 

Gpi tan so” cSt cua A| la fci va A? la t'c 2 , ta co ba trUdng hpp 
nhU hinh 2.13. 


BUdng rPi net chinh la dap tfng tan so cua mach lpc dai 

thong. 

Trtfdng hop fci < fc 2 thi dap tfng bicn do A rat thap, neu 1'ci 
> fci thi dap dug bien do A Idn hdn va bang thong rpng. 

Mol each khac de cd mach lpc dai thong dupe thtfc hien nhU 
mach dien hinh 2.14, trong do, d ngo vao co R-C ndi tiep, P ngo ra 
co R-C ghep song song. 

VPi luan ly ttfcfng ttf, d ngo vao cd Z[ = R - jXc, d ngo ra cd: 

' K-JX. 


Tinh tren cau phan ap Z| va Z 2 ta se cd: 

^ _ K _ J 0)RC 

V ; (jroRC +1)‘ + J(oRC 


Khi co = co - - =>/=/; 

‘ RC 


-thi A 

2 ttRC 


]_ 

3 


A . 1 .,1 

O tan so 1-1 =-thi bien do ngo ra giam con - so 

1 ItzRC 3 


vdi bien dp ngo vao. 
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Suy ra: A = ^ = =^= 

K z,+z 2 

Cac butte phan tich ttidng tif nhU tren nhifrig viec tilth loan 
xac djnh dai triet lifting doi phtfc tap hiln. 

Mot each khac de cd mach loc dai triet la mach loc cau T 


doi nhiThinh 2.18. 

R R R V, R 



Hinh 2.18a : Bon mach loc Hinh 2.18b : Loc cau T doi 

ghep thanh hai nhanh 


Nhanh thur nhat gdm hai mach loc ha thong ghep noi tiep 
nguttc dau nen cd tu tudng dtfdng la 2C. Nhanh thtf hai gdm mach 
loc thudng thong ghep noi tiep ngtldc dau nen co dien trd tuttng 
dtfdng la R/2. Hai nhanh loc ha thong va thtfdng thong cd dang hmh 
chff T lai dude ghep song song nhau nen duttc goi la mach loc cau T 
doi. 

De phan ti'ch dap tfng tan so cua mach dai triet cau T doi, ta 
cd the tinh dien ap V| va V 2 , sau do k.huf V 1 , V 2 de cd V„ so vdi V,. 

Tan so cong hifting cua mach la: f = —^— 

‘ 2 nRC 

Mach loc dai triet ddn hinh 7.16 cd dap ufng tan : o nhtf hinh 
2.19. CJ tan so i = 0,1.fo hay f = 10fn, dap ufng bien do A = 0,9. Do 
cd do doc ldn nen mach loc cau T doi cd dai tan triet hep hum mach 
loc dai triet ddn. 
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Hinh 2.20 : Dap (frig bien dp 
much Ipc dai triet cau T ddi 


5) Hai mach loc RC ghep noi tiep 

- Trong mach Ipc ha thong dung RC, neu (an so tang len 10 
liin thi bien do giam 20dB (-20dB/decade). Neu (a mQc hai mach 
loc ha thong ghep noi tiep, khi tan so tang len 10 lan thi bien dp 
giam 40dB (-40 dB/decade). 

- TuVfng tit, trong mach Ipc thtfdng thong dung RC, neu tan 
so giam xuong con 1/10 thi bien dp giam 20dB. Neu ta in Sc hai 
mach Ipc thtfdng thong ghep noi tiep, khi tan so giam xuong con 
1/10 thi bien dp giam xuong 40dB. 

Nhif vay, khi so tang mac noi tiep cang nhieu thi dap dng 
bien dp se giam nhanh. Tuy nhien, each mac nay khong thOc te. 
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Mach dicn uV - Ta 


Niuivcn Tan PhuVJc 


§2.4- MACH LOC THU DONG DUNG LC 

Ngoai mach loc thu dong dung RC, ngUdi ta con dung much 
loc thu dong LC. Tuy nhien d tan so thap thi cuon day L cd kich 
thiidc Idn nen it dude stlf dung, mach loc LC thich hop cf tan so cao. 

1) Mach loc ha thong dung LC 

a) S(f do - Dap ting idn so: 

Tif cau phan ap jXl va -jXc nhif hinh 2.21, dicn ap ra V () 
tilth theo cdng thtfc: 



thOtng dung LC 
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ChUOng 2 


Mach kic 


- d tan so thap : f —> 0, <n -> 0 => A = 1 va V n - 1' 

- <i tan so cao : f —> oc, w —> -x => A = 0 va V o - 0 

- d tan so sao cho mail so" 1 - to 2 LC = 0 A —> oc 


Tan so nay dUtic goi la tan so cong htfdng cua mach LC va 
ky hien la coo: 

1 . , 1 
v i* ./« = 


Ta co: 


fc) n = 


VZr 


2*VZc 


Dap tifng tan so mach ha thong dung LC hinh 2.22 cho tha’y 
6 khoang tan so f < to thi A = 1, f = f ( > thi A —> oc, khi f > f 0 thi bien 
do giam nhanh vi A ti le vdi nghich dao binh phi/dng cua co. 

2) Mach loc thuftfng thong dung LC 


a) So do - Dap ring tan so: 
-jX c 

*-1 I 1 — I -“ 

v ' j*.^ 

ill 

Hinh2.23 ; Loc thifbng thong 
dung LC 



TCf cau phan ap -jX<- va jX L hinh 2.23, dien ap ra V () tinh 
theoedng thtfc: 


jx, y, 


v - 

jx, -JX, 


- V 
=> A = ^r = 


JX, 


v, JX'-jX, 

Thay Xi = toL, X<~ = 1 /cjC vao A va ddn gian, ta co: 
) 0)1. 1 


A = 


■ / • 1 i 1 

)foL-i 1 - , 

toC or LC 
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Mach dicn li? - Tap 2 


Nguyen Tan Phiftk 


Trifdng http nay A cung chi la so there vi khong co j. 
h) Nhan xei: 

- d tan so thap: t' —► 0, cd —» 0 A = 0 va V n = 0 


- cl tan sd cao: f —> ac, 


to 


A = 1 va V = V 


- & tan so sao cho mau so 1- 


ro-LC 


= 0 A — co 


hieu o><). 

Ta co: 


Tan so nay di/pc goi la tan so cong htidng cua much LC, ky 

1 . .. 1 


®o = 


va 


./« = 


J,LC - ,0 2 n4lC 

Dap i?ng tan so mach loc thudng thong dung LC hinh 2.24 
cho thay cl khoang tan so f > In thi A = 1, f = t' ( > thi A —> <x, khi f < fo 
thi bien do giam nhanh vi A ti !e vt'ti binh phtfdng cua to. 

Vdi each phan tich va ly luan tiTdng ttf, ta cung cd the khao 
sat dap dng tan so cua cac mach loc dai thong va dai triet dimg LC. 


52.5- MACH TICH PHAN VA VI PHAN 

Mach 1 pc ha thong dung RC con cong dung khac trong ky 
thuat dien tuf la mach tich phan. Tt/Ong tir mach loc ha thong dung 
RC cung con cong dung khac la mach vi phan. 

Khi nao thi goi la mach loc ha thong, mach loc thdpng 
thong, khi nao thi goi la mach tich phan, vi phan? 

Chung ta cd the tarn phan biet mot each ddn gian nhifsau: 

- Mach RC la mach loc ha thong, thudng thong khi ngd vao 
tin hieu cd nhieu tan so va thudng khao spt vdi tin hieu hinh sin. 

- Mach RC la mach tich phan, vi phan khi ngo vao tin hieu 
chi cd mot tan so va thtfdng khao sat vdi tin hieu xung vudng. 
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Chitting 2 


Mach loc 


Mach ti'ch phan, vi phan dung de hien doi dang song cua tin 
hieu, difiic stf dung nhieu trong ky thuat xung de dng dung trong 
lTnh vifc tur dong dieu khien. 

1) Mach ti'ch phan 

Then djnh nghTa, much tich phan la much ma dien ap ra v„(t) 
ti lc vrti ti'ch phan theo thcfi gian cua dien ap vao v,(t). 

Ta co : v 0 (l) = k K'i(l)dt (trong do k la he so ti le) 

Mach tich phan nhif hinh 2.25 chinh la much loc thap qua 

dung RC. Tan so cat cua much loc la: f - —-— 

' InRC 

Do dien ap vao v, la ham hien thien theo thdi gian nen dien 
ap Iren R va C cung la ham hien thien theo then gian. 

a) Mach tich phan RC: 

R 



Hinh 2.25 : Mach tich phan RC 


Ta co: 


Vi (t) = v K (t) + v r (t) 


Xet much dien cl trifling http nguon dien ap van v, co tan so 
f, rat cao so vdi tan so cat i'c- Luc do, dung khang Xc se co tri so raft 

nho (do X ( . = --5—7 ). 


2 7if,C 

Neu: f » ft — ~ 


thi 


InRC 


R » X, = 


2 af,C 
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Mach dien 1# - Tap 2 


Nguyen Tan Phirtfc 


Suy ra: v R (t) » v r (t) (vl dong i(t) qua R va C b&ng nhau) 
Dbi vdi tu C, dien ap tren tu duVfc tfnh theo cbng thtfc: 

U) = ~ \i{/)di 

Dien ap tren tu C cling la dien ap ra nen: 

(vi R» Xc nen bo qua Xc) 


v,(D 


trongdo: /(/)- 

R 

Suy ra : v (0 = — f' til 

> “ C* R 




Nhif vay dien ap ra v„(t) la tich phan eua dien ap van v,(t) 

vdi he so ti le k la: k - —— khi tan so f, rat ldn so vdi t‘c- 

RC 


Dien kien ciiu math: 


./, » f, => f, » 


1 

InRC 


Ndi each khac la: RC » —— => r » — 


r. 


24, 24, 2n 

trong do: t = RC la hang so thdi gian, T, la chu ky. 

Tru'd ng hop dien ap vao v, la tin hieu htnh sin thl: 

v, (t) = V„,sino)t 


Dien ap ra: 


W sin (otdt = — 

0 » r J foRC 


COSO)/ 


RC 

y 

\\,(/) = —— sin(ry/ -90°) 
(oRC 


Nluf vay, neu thda man dieu kien eua maeh tich phan thi 
dien ap ra hi tre pha 90° va bien dp hi giam xud'ng vdi he so li le la: 
1/ toRC. 
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Chifttnn 2 


Mach loc 


b) Dien dp vim lit tin hieu xung vuong: 

Khi dien ap vao la tin hieu xung vudng cd chu ky T, thi cd 
the xet ty le hang so thdi gian x = RC so vdi T, de giai thich cac 
dang song ra theo hien tlfdng nap xa ciia tu. 

Gia thiet dien ap ngd vao la tin hieu xung vudng ddi xtfng 
cd chu ky T, (hinh 2.26a). 

Neu much tieh phan cd hang sd thdi gian t = RC rat nhd so 
vdi T, thl tu nap va xa rat nhanh nen dien ap ngd ra v () (t) cd dang 
gidng nhd clang dien ap vao v,(i) (hinh 2.26b). 

T 

Neu much tich phan cd hang so thdi gian x = ~ thi tu nap 

va xa dien ap theo dang ham so mu, bien do dinh cua dien ap ra 
thap hdn V r (hinh 2.26c). 

Neu much tich phan cd h3ng sd thdi gian x rat ldn so vdi T, 
thi tu C nap rat chain nen dien ap ra cd bien do rat thap (hinh 
2.26d) nhiTng cMfng tang giam dien ap gan nhif ctifdng thang. 

NhiT vay, much tich phan neu chon trj sd RC thich hdp thi cd 
the suTa dang xung vudng d ngd vao thanh dang song tarn giac d 
ngd ra. Neu xung vudng ddi xdng, xung tarn giac ra la tam giac can. 

Tritcdng help tin hieu ngd vao la mot chudi xung vudng 
khdng ddi xuiig vdi t [in > t oi i- Trong thdi gian t (l „ ngd vao cd dien tip 
cao nen tu C nap dien. Trong thdi gian t„ti ngd vao cd dien ap OV tu 
C xa dien nhifng do thdi gian t„n nhd hdn t nl> nen tu chda xii dien het 
thi lai nap dien tiep lam cho dien ap tren tu tang dan (hinh 2.27). 
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ChiWng 2 


Mach Inc 


V 0 (t) 

v4 



Hinh 2.27 : Chuoi xung vuong vao 


c) Mach tick phan RL: 

Mach Igc thap qua dung RL cung co the dung lam mach tlch 
phan nhtrhmh 2.28. 



Hinh 2,28 : Mach tlch phan dung RL 


Chtfng minh ti/dng to" nhir mach tlch phan dung RC la cd 

dien ap ra v () (t) ti le tlch phan vdi dien ap vao v, (t) theo thdi gian. 

R r R 

Ta cd : v,(/)-— [v ; (/)c// (trong do he so t? le k = —) 

L J L 

2) Mach vi phan 


Theo djnh nghia, mach vi phan la mach cd dien ap ngd ra 
v„(t) t'i le vdi dao ham theo thdi gian cua dien ap ngd vao v,(t). 


Ta cd : 


v „i')=k 



(0 


(trong do k la he so il le) 
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Mach dicn tuf - Tap 2 


Nguyen Tan Phi/tic 


Trong ky thuat xung, much vi phan co tac dung thu hep do 
rong xung tao ra cac xung nhon de kich cac linh kien dieu khicn 
hay linh kien edng suat khac nht/ thyristor, triac ... 

a) Mach vi phan clung RC: 

Mach dien hinh 2.29 chinh la mach Ipc cao qua dung RC. 

Tan so cat cua mach loc: f =—^— 

' 2 jrRC 

C 



Hinh 2.29 : Mach vi phan RC 


Dong dien i(t) qua mach cho ra si/ phan ap nhi/ sau: 

Vj(t) = v t (t) + v R (t) 

Xet mach dien d tri/dng hdp nguon dien ap vao v,(t) co tan 
so fi rat thap so vdi tan so c^t fc- 

Luc do: /, «f(- =—-—- va 5 tan so nay thi dung khang 

2 7tR C 

Xc se co tri so" rat lcin ( vi X r =—-— ). 

Nhi/vay: R«X,. =—— 

Suy ra: v R (t) « v L (t) (vi dong i(t) qua R va C bang nhau) 
hay : Vi(t) * v t (t) 

Doi vdi tu C, dien ap tren tu con di/dc tmh theo cong thde: 
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Chiftfng 2 


Mach loc 


v ( (trong do q(t) la dien tich nap vao tu) 

_ , dv(t) dbAl) 1 dq(t ) 1 / x 

TO do taco: — f w =- m = — 

dt dl C dl C 


hay la: /(/)=C 


dv , (0 
dt 


Dien ap tren dien trd ciing la dien ap ra: 

^ (')=*•„(/)=/?/(/) 




dt 


Dien ap ra chtnh la vi phan (dao ham) theo thdi gian cua 
dien ap vao vdi he so ti’ le k la k = RC khi tan so fj rat thap so vdi 
fc- 

Dieu kien cua mach vi phan la: 

t'i « f c hay / « 


Noi each khac: 

1 


RC « 


2xf, 


2 nRC 


1 T 

hay t « -= -i- 

Inf, In 


trong do: t = RC la hang so thcfi gian, T, la chu ky. 

Truftng hdp dien ap vao Vi(t) la tin hi6u hinh sin thi: 
v,(t) = V m sinco(t) 


dienapra: v„(t) = RC— (V m sincot) 

dt 


= (oRCV n ,cosrot 
= wRCV.uSintcot + 90 () ) - 

Nhit vay, neu thoa dieu kien cua mach vi phan nhir tren thl 
dien ap ra sdm pha 90° va bien do nhan vdi he so ti 16 la coRC. 


ft? 


Mach dien luf - Tap 2 


Niiuycn Tail Phtfdc 


b) Dien dp vao Id tin hipu xung vuong: 

Khi dien ap vao la tin hieu xung vuong cd chu ky T, thi cd 
the xet ti le hang so thdi gian x = RC so vdi Tj de giai thich cac 
dang song ra theo hien ttfdng nap xa cua tu. 



a) Dang song ngo vao 



c) Dang song ngo ra khi i « T, 

Hinh 2.30 : Dang song vao va ra cua inach vi 
phan nhan xung vuong. 


Gia thiet dien ap ngo vao la tin hieu xung vuong doi xi'fng 
co chu ky T, (hinh 2.30a). 


M 



ChuVfng2 


Mach loc 


Neu mach vi phan co hang s 6 thcfi gian t = -y- thi tu nap va 

xa dien tao dong i(t) qua dien trd R tao ra dien ap giant then ham 
so mu. Khi dien ap ngd vao bQng OV thi dau difdng ciia tu noi mass 
va tu sc xa dien ap am tren dien (n’t R. O ngd ra se cd 2 xung ngiTOc 
dau nhau hien do giant dan (ltinh 2.3()h). 

Nhu" vay, neu thda dieu kien ciia mach vi phan, mach RC se 
doi tin hieu tit xung vuong ditn cifc ra 2 xung nhon liifing cUC (hinh 2.30c). 

Neu mach vi phan cd hang so ihtii gian t rat nhd so vdi T, thi tu 
se nap va xa dien rat nhanh cho ra 2 xung ngiTOc dau nhiiltg co dp rpng 
xung rat hep dude gpi la xung nhon. 

c) Mach vi phan dung RL: 

Mach loc cao qua dung RL cung cd the lam mach vi phan nhif 
hinh 2.31. 


Chtfng minh tUPng tit nhif mach vi phan dung RC ta cd dien 
ap ra v„(t) li le vi phan vdi dien ap vao Vj(t) theo thdi gian. 


Ta cd: v„(t) 


L dv, (/) 
R dt 


Trong do, he so ti le la: k 


L 

~R 



m 


Mach dien ttt - Tap 2 


Nguyen Tan Phutic 


§2.6- MACH LOC TICH CtfC 

1) Daictrtfng 

Mach loo thu dong co nhUWc diem la tin hieu bi ton hao tren 
R nen dap ufng bien dp thufcfng thap va hi le thuoc vao phu tai. 

Be tranh nhifctc diem cua mach Ipc thu dong ngufii ta ket 
hpp mach loc vdi linh kien tich cifc va dat mach lpc RC nam tren 
dufdng hoi tiep de tang he so truyen dal, tang he so pham chat. Be 
khong hi le thuoc vao phu tin ngifcfi ta dung mach khuech dai dem 
de phoi hpp trd khang. 

2) Mach loc ha thong 

a) Mach loc ha thong khuech dai khong duo: 


An Av 



Hinh 2.32 : Lpc ha thong khuech dai khong dao 


Trong sd do hinh 2.32, OP-AMP dlfpc rap kieu khuech dai 
khong dao nen co dp khuech dai dien ap mot chieu: 


A r = 


R i + R± 

R, 


Mach RC d ngd vao I„ + la mach loc ha thong thu dong nen 

* . , . 1 . ' 1 

van co tan so cat: to - - va / =- 

‘ RC ‘ 2 jiRC 


70 



Chitting 2 


Mach loc 


V 

Dap ting tan so mach loc: A n ~ = 

V, 


Dap tfng tan so cua toan mach: 

1 /?, + R-> 


A = /!„/!, - 


1 + jroRC R 2 


1 

1 + jroRC 


b) Mat h loc ha thong khuech dai duo: 

Trong sd do hlnh 2.33, OP-AMP dtfdc rap kieu khuech dai 
dao non cd dp khuech dai dien ap mot chieu: 


A = 


A 

*> 


(R 2 hoi tiep am) 



Hinh 2.33 : Mach loc ha thong khuech dai dao 


Mach hoi tiep R?//C tif ngd ra ve ngo In' cd tac dung cua 
mach loc ha thong, vi c’t tan so cao Xc cd trj so nho nen mdc hoi 
tiep am Idn sc lam giam bien do cua tan so cao. 

Tan so cat cua mach loc van difctc tfnh theo cdng thdc: 

, I 1 

/ --va « -- 

‘ 2 nR 2 C ‘ R 2 C 

y~ 1 

Dap dng tan so cua mach loc: A () - - - 

V I + jcoRA' 
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Mach dicn tuf - Tap 2 


Nguyen Tan Phifcic 


Dap tfng tan so cua toan mach: 


A - A n A r 


1 r 2 

1 +j(oR 2 C R, 


3) Mach loc thtfdng thong 


Rt 



Trong set do hinh 2.34, OP-AMP dUUc rap kieu khuech dai 
dao nen cd dc) khuech dai dien ap mot chieu: 


A 


R 1 


Mach loc R|-C d ngd vad la mach loc thu dong RC nen van 
co tan so cat diftfc tinh theo eong thtfc: 

1 l 

/ =- va co - 

1 2 nR,C ‘ R,C 

Dap ufng tan so cua mach loc: 


jcoR,C 

Dap u’ng tan so cua toan mach: 
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j(oR,C 


4) Mach loc dai thong 

Mach loc dai thong ti'eh cite co the chon mot trong hai sd do 
sau (heo kieu hai much loc ha thong va tlufOng thong mac noi tiep. 

Tan so trung bmh cua mach loc dai thong v5n difttc tinh theo 

congthu'c: /„ =—'— 

2 nRC p, 

Vo 


5) Mach loc dai triet 

Mach loc dai triet ap dung mach loc cau T ddi ket hop OP- 
AMP, co mach hoi tiep diking (hinh 2.36). 


Vo 


Hinh 2.36 : Mach loc dai triet tich clIc 
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Tan so trung hinh cua mach loc <Jai triet: 

f =—-— 

2 nRC 

Ly thuyet vc mach loc con rat nhieu va rat phtfc tap. Trong 
khuon khd mot chir<<ng cua giao trinh “Mach (lien tit" khong the 
trinh bay het difOc. O day chi’ gidi thieu nhQng phan that can ban va 
thong dung tren cae mach loc bac 1. 
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CHlfdNG 3 


MACH CONG HLfdNG 


§3.1- LINH KIEN THU D0NG TRONG MACH XOAY CHIEU 

Ba linh kien thu dong cd ban la R - L - C, khi ap dung van 
dong dien xoay chieu thi quan he giffa dong dien va dien ap trong 
mdi linh kien khdng giong nhau. 

Xel dong dien xoay chieu cd: I = I m sincol khi di qua cac linh 
kien tren. 


1) Dien trd R 

Theo dinh lual Ohm, dien ap tren dien trd: 

v K (t) = R. i(l) = R I m sinrnl 
Nhif vay: dien ap v k va dong dien i trung pha. 


2) Cuon day L 

Dien ap giam tren cuqn day: 

dm 


V, = /- 


dt 


( 1 ) 


Thay: i(t) = I„, sinott vao v L rdi lay dao ham ta cd: 

V| = to L l,„cos «t = at LI ni sin((ot +90") (2) 

Nhu" vay: dien ap v L sdm pha hitn dong dien i 90". 

So sanh hai bieu (htfc (1) va (2) ta thay o>L cd y nghia nhu R 
la sure can dien cua cuqn day va ddde gqi la cam khang Xl- 

Taco: Xl = «L = 2nf L 
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Mach dien tiif - Tap 2 


Nguyen Tan PhtA'Ic 


3) Tu dien C 

Dien up giam tren tu dien: 



Thay: i(t) = I„, sino>t vao v c roi lay rich phan ta co: 

1 V, • 

v r =— JA„smw/ 

^ U 

v ( = — /,„(-cos col) = — /„, sin {a)l -90") (3) 

cA' cA 

NhiT vay: dien ap v c tre pha hdn dong dien i 90°. 

So sanh hui bieu thifc (1) va (3) ta thay —— co y nghla nhif 

roC 

R la site can dien cua tu dien va difdc gpi la dung khang X ( . 

T ' Y 1 1 

Ta co: X. -=- 

coC 2 nfV 

§3.2* MACH RLC CHEP NOI T!EP 
1) Sd dfi 



Hinh 3.1 : Mach RLC noi tiep trong nguon xoay chieu 
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Chtfdng 3 


Mach cone hiring 


Trong sd do hinh 3.1, dong dien i la dong dien chung qua ca 
ba linh kien. 

Dien ap v K , v l va \ c cd gdc pha khong trung nhau nhd phaii 
tfch tren nen de tinh dien ap irong mach ngufti ta phai dung so phtfc 
hay gian do vectd. 

2 ) Gian do vectd 

Ta co! 1 = 1 K + 1 1 + 

Trong do: V n trung pha vdi I 

V t sdm pha hdn 7 90" 

V ( tre pha hdn I 90" 

V la bien do hieu dung cua dien ap nguon 
a) Truong hop \V, | > | V ( . | 



V R 

Hinh 3.2a : Tam giac dien ap 

Khi jF / |>|r i .|: dien ap nguon V sdm pha hdn dong dien I 
mot gdc (p va <|> la gdc difdng. 



R 


H'inh 3.2h : Tam giac tong trd 
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Mach dicn li'f - Tit p 2 


Nguyen Tan Phiftic 


TCr phep cong vectri ba dien ap V K , Vl, Vc ta co diTefc tain 
giac dicn ap nhif hinh 3.2a. TuVfng td ta co the ve ddcic tam giac 
tong trt’i nhif hinh 3.2b. 

1*1 = V* 2+ (*/ -*77 


Goccpco: lg(p - 


X, -x ( 


R 


b) fritting http I ’, | < \V ( 



Khi \V, | <|K,.|: dien ap nguon V trS pha hdn dong dien I goc 
<p va <p la goc am. 

Tir phep cpng veetd ba dien ap V«, Vl, Vc ta co diitlc dien ap 
nhd hinh 3.3a. Tufdng td ta co the ve dddc tam giac tong trd nhd 
hinh 3.3b. 



| Z | = ^ 2 +(^ r -^/.) 2 


Goc <p co: 


tg<p = 


R 
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Chudng 3 


Mach cong hiring 


§3.3- MACH CQNG Hl/CfNG LC GHEP NOI TIEP 
1) Tan so' c6ng hutfng 


Mach RLC ghep ndi tiep nhu’ hinh 3.1 khi co dieu kien V L = 
V c hay X|. - X c - thi gpi la mach cpng hitdng. 

Khi mach RLC cong hitting, dien ap V va dong dien I dong 
pha. Tan so cua dong dien xoay chieu khi mach cpng hitting la o>o 
hay f t) . 

Cf dieu kien nay ta co: 

Xl=Xc => (o^L -—-— hay 2 nf 0 L = —-— 

o> a C ' 2 it!\C 

Suyra: f = - \ = hay m = 

2xt]LC 

Tong trd ciia mach khi cong hitting: 

\Z\=jR'-+{X, -AV ) 2 =R (vi: X L =X C ) 



Gdc lech pha (p = 0. 

Khi cong hitting, dong dien ] qua mach sc co trj so cite dai 
I mdX vi luc do tong trd cua mach la cUc tieu Z mm = R. 


Ta co: 


1ft An,ix 


V 


R 


Khi cpng hitting van ton tai dien ap Vl =Vc ngittlc pha nhau 
va co the co trj so" Idn. 


♦ 



R 


Hinh 3.4 : Khi X L = X c thi 
mach cpng hitting 



Mach dien tur - Tap 2 


Nguyen Tan Phift'tc 


2) He so' chon loc 

Trong much RLC ghep noi tie'p, cuon day L tich trtf nang 
lifting dift'li dang nang luting tif trifling, tu dien C tich trtf nang lifting 
dtfdi dang dien trifling, chi co dien tret R lam gidi han dong dien va 
tieu tan nang lifting. 

Be noi len tinh chon loc tan so cua much cong htfctng ngtfcti 
(a goi he so chon loc cua mach cong hift’ing LC noi tiep la ti so' cua 
X|. hay Xc so vtii R il tan so cong htfdng f<). 


Ta co: 


Hay: 


R 




2¥gL 

R 

__I_ 

2 nf n RC 


Khi dien tri'i R nhd thi Q ldn, mach co tinh chon loc tdn so 
cang cao, dtfiing dap tfng tan so cua mach cong htfilng cang nhon. 


3) Do rong bang thong 

6 tan so cong hilling f =- 1- 

2nJiC 

RLC co trj so ctfc dai (dinh): 


, dong dien qua mach 


I = — = 7 

1 0 ^ 1 mat 


Theo dinh nghia, tan so cat la tan so cd dap tfng bien do: 


A = 0,707 

Tren dap tfng tan so cua mach cong htfdng, ve dtfdng thang 
song song true hoanh d trj so: 1 = 0,707 Jo se cat during cong htfring 
ri hai tan so fc\ va fc 2 hai ben tan so cong huring f () (hlnh 3.5). 

Khoang each giufa IVi va IV 2 la bang thong cua mach cong 
hiring ky hieu la B (Bandwidth) dtfric tinh theo cong thife: 
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Chuttnt! 3 


Mach cong hufin 


B = — (Hz) 

Q 



Hinh 3.5 : Bang thong cua mach 
cpng hi/dng 


§3.4- MACH RLC GHEP SONG SONG 
1) Stf do 


V 


Hinh 3.6 : Mach RLC ghep song song trong 
nguon xoay chieu 

Trong sd do hinh 3.6, V la dien ap xoay chieu chung tren ca 
ba linh kien. 

Dong dien I lt -1 1 - /,. co goc pha khong trung nhau nen dc 

linh dong dien tong trong mach ngtfdi la cung phai dung so phut 
hay dung gian do vectd. 
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Mach dien tuf - Tap 2 


Nguyen Tan Phift'tc 


2) Gian do veettf 

Til co: / — 1 1 ( + J i + /, 

Trong do: 1 R trung pha vdi V 

t, tre pha hdn V 90° 

/, sdm pha hdn V 90“ 

V la bien do hieu dung cua dien dp ngudn 
/ la dong dien hieu dung tCr nguon cap 
a) Trtfting hop | /, | > | /,. j 



Hinh 3.7a : Tam giac dong dien 


Khi |/ ; | > |/ r | (hi dong dien I do nguon cung cap se (re pha hdn 
V goc <p va tp la goc am. 

Tuf phep cong veetd ba dong dien Ir, I|., Ic ta cb duVtc tarn giac 
dong dien nhuf hinh 3.7a. 

Trong mach RLC song song ngufti ta khdng the ve tam giac 
tong trot nen phai dung khai niem tong dan la nghjch dao cua tong 
trot. 


Ta cd: /,, = — I, = — 

R 


I = 


V 


X< 


S2 





Hlnh_3_Jb: Tam giac tons dan 
Tong dan Y diAfc linh then cong thtfc: 



Goc lech (p cd: 



b) Truling hup 1 1 < /, 
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Mach then liV 


Nguyen Tan Phift'Jc 


Khi \l, | < 1/J Iclthi dong dien I do nguon cung cap se sdm 
pha hdn V goc <p va tp la goc difcfng. 

Tit phep cong vcctd ba dong dien Ir, I l> Ic ta co dtfdc lam giac 
dong dien nhif hinh 3.8a. 

TuVtng tir ta cung co tam giac tong dan. 



H inh 3.8b : Tam giac tong dan 


Tong dan Y duifc tinh theo cong thufc: 



Gc')c lech (|> cd: 


tZ<P = 



/ 


R 
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Chirdn£ 3 


Mach cono hiTefn 


§3.5- MACH CQNG HLfdNG LC GHEP SONG SONG 
1) Tdn so" cong hifdng 

Mach RLC song song (hinh 3.6) khi co dieu kien I L = Ic hay 
thi goi la mach cong hU’clng. 

Khi mach RLC cong hu'dng. dong dien I va dien ap V dong 
pha. Tan so ciia dong dien xoay chieu khi mach cong hutfng la «<) 
hay f () . 

o. v 

O dieu kien nay ta co: 

— = — = — 1 — = 2 jrf a C 

x, X, 2 xf n L ■ 


Suy ra: / = 


2^VZc 


hay co 0 - 


VZc 


Tong dan cua mach khi cong hirdng: 


i If i y i i V i 

rl = — = — +-— = — 

1 z VUJ U r xj r 


Goc lech pha cp = 0 


Khi cong htfoing, tong dan cua mach nho nhat nen tong trd 
cua mach (cfn nhat. 


Z ” R 


Z = R 


Luc do. dong dien I do nguon cung cap cho mach se co gia 


tri ctfc tieu I, 


Ta co: 


^ n\m 
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Mach dicn tuf - Ta p 2 


Nguyen Tan Phtfflc 


Khi cong htfcfng van ton tai dong dicn \c va I L nguVfc pha 
nhau va co the co trj so Icfn. 



Hinh 3.9: Khi 


— = — thi mach cong hv/ctng 
X, X c 


2) Hq so chon loc 

Trong there te, mach cong htrdng chi co L va C. 

Trong mach cong htfclng LC ghep noi tiep, dien trcf R chinh 
lit dien trdi cua day quan cuon L. Trong mach cong hirdng LC ghep 
song song, dien trd cua day quan cuon L se dtfdc quy doi ra dien trd 
song song nhtf hinh 3.10a va 3.10b. 



Hinh 3.10a : Mach LC song song 



Hinh 3.10b : Mach tiTdng dtfdng cua LC song song 



Chirring 3 


Mach cong hifftng 


Dien trot R L cua cuon day L dufric quy doi ra R P theo cong 


thu’c: 


*/■ = 


X 


R, 




aV 

R r 


He so chon loc cua mach LC song song cung dtfdc tinh then 
cong thtfc: 


Suy ra: 

Hay: 


- R, R, 

X, 2nf u L 
Q = ^ = 2nf 0 R,,C 

A r 


<v«Si R, = ) 

K r 


Khi dien tr5 Rl nho thl R P Idn nen Q Idn, mach co tinh chon 
loc tan so cang cao, dudng dap ufng tan so" cua mach cong hifdng 
cang nhpn. 

3) Do rong bSng thfing 

Cf tan so" cong htfdng f =- 1- dong dien I qua mach 

2nilC ' 

, , V 

co gia tri ci/c tieu: I 0 = l mm = - 

Dieu nay dUric hieu la dong dien I ni j n se khong tao giam ap 
Idn tren noi trd cua nguon nen dien ap co difric tren mach LC se co 
gia tri ci/c dai nhirhinh 3.1 la va 3.11b. 

Xet dap tfng tan so V L <y f (hinh 3.1 Ih). 

Theo dinh nghTa tan so" cat la tan so co dap ufng bien do; 

A = 0,707. 
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Mach dicn tur — Tap 2 


Nguyen Tan Phtft'fc 


Tren dap tfng tan so hinh 3.1 lb, ve di/dng thang song song 
true hoanh d tri so: V = 0,707 V LC - nux se cat dufdng cong hudng d hai 
tan so fci va fc 2 hai ben tan so" cong hudng to. 

Khoang each giffa fci va f C 2 la bang thong cua mach cong 
hitdng LC song song va cung diftlc tinh theo cong Ihtfc: 

/j = ^ 

I 



Vlc 



§3.6- TONG KET VE MACH CQNG HlfCfNG 

Mach cong hudng LC noi tiep va LC song song deu co 
chung cong thtfc ti'nh tan so cong hitdng: 
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Chu’ttng 3 


Mach cong hudng 


/« = 


•'° 2njLC 
He so chon loc: 


io„ - 


‘ 4Ic 


Do rdng bang thong: B = 


fo 


Q 


Cf tan so* cong hudng, cac thong so ky thuat cua hai mach c6 
gia tri khae nhau nhubang sau: 


Dae tinh 
ky thuat 

Cong hudng LC 
noi tiep 

Cong hudng LC 
song song 

Tong trd 

Ct/c tieu Z min = R = R l 

CUc dai Z ma x = R = P p 

y 2 

Vdi: R, = 1 

R, 

Dap ting 

tan so 

I/f 

1 t 

t Io — ^max 


\f_ 

^0 — I min 

‘ V i* 


to 


tn 

Dap tfng ^ 
tan so 

v LC /f 

r ic ' 

\/ v 
Vv.,=v min 

% f 

X i 

^ V 0 = V max 


to 


to ** 


Nhan xet: 


-Hai mach cong hudng LC noi tiep va song song deu co tac 
dung chon loc tan so dai hep. 
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Mach dicn tur - Tap 2 


Nguyen Tan Phifdc 


-Khi can lay dong dien cua tin hieu d tan so can chon thi 
dung mach LC noi tiep vi d fo se co dong: 


/ = / =_ 
1 0 1 n\A\ ^ 


-Khi can lay dicn ap cua tin hieu cf tan so" can chon ih) dung 
mach LC song song vi d f () se co dong: 


_ V 

A) Attiri jj 

K r 


nen dien ap V L c^ fo Li Vo =V mil 
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CHlfdNG 4 


MACH DAO DQNG HINH SIN 

§4.1- DAI Cl/ONG 

Trong linh vtfc dien - dien tuT. dong dicn xoay chieu hinh sin 
rat quan trong vi nhffng dac linh rieng cua no nhif: 

- dong dien hinh sin de phat sinh. 

- cac dong dien xoay chieu khac co tinh luan hoan dcu co 
the phan tich ra mot chuoi cac tin hieu hinh sin. Dieu nay thuan Idi 
cho viec phan tich, tinh loan nhd co nhieu cdng cu loan hoc. 

- dong dien hinh sin thifctng difdc dung de khao sat dac tinh 
ky thuat cua cac mach dien ti'f nhif mach loc, mach khuech dai ... 

Mach dao dong difdc hieu la mot mach khuech dai nhifng 
khdng co tin hieu vao ma no tif tao ra tin hieu. 

Mach dao dong xung vudng nhd hien tifdng nap xa ciia mach 
RC ket hdp trang thai bao hoa va ngifing dan cua linh kien tich cifc, 

Mach dao dong htnh sin di/a Iren hien tifdng cong hitting cua 
mach LC ket hdp vdi mach khuech dai hoi tiep de tao tin hieu. 

De co tin hieu hinh sin ra, mach khuech dai hoi tiep phai 
thoa dieu kien sau: 



Hinh 4.1 : Mach khuech dai hoi tiep 


•i I 





Mach (lien tuf - Tan 2 


Nguyen Tan Phtfdc 


+ Xet rieng much khuech dai co tin hieu vao v it tin hieu ra 
Vo- Do khuech dai vong hit cua mach khuech dai: 


A 

V, 


v ,. =v,A tn 


+ Xet rieng much hoi tiep diAlng: tin hieu vao la v<„ tin hieu 
ra v t . He so hoi tiep hay do ldi cua mach hoi tiep: 




v , = *-v, 


Do co hoi tiep durdng nen v N va V! cung pha. Tin hieu v, chinh 
la tong cua v s va V|. 


Ta co: V; = v s + v, 


v s = Vj - v f 


+Xet mach khuech dai co hoi tiep diftlng (dtiftng rdi net) bao 
gom ca mach khuech dai va mach hoi tiep dUOng. Tin hieu ngo vao 
la v^, tin hieu ra la v () . Do khuech dai cua toan mach gpi la do 
khuech dai hoi tiep: 


v v 

Ay, = ^ = -~ 

v, v - v 


Ay, — 


v , A m 


v r A m 


v ,~ hv ,> v , -b-V,A rn 


Ddn gian tat ca cho Vj ta co: 
A, 


A n- = 


TO 


1 -b.A 


H) 


Do day la mach khuech dai dong pha nen b va Ayo co tri so 
duOng nen b.Avo cung cd tri so dufdng. 
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ChUPng 4 


Mach dao dong hinh sin 


Tfch so" b.Avo chinh la (ich so cua hai dp lpi, dp lpi vong hd 
cua mach khuech dai va dp lpi cua mach hoi tiep. Ti'ch so b.Avo 
con dUpc goi la dp lpi vdng (loop gain). 


Khi do lpi vong b.Avo = 1 hay 1 - b.Avo = 0 thi: 


A 


r l 



—» oo 


Luc do mach co dp khuech dai vo ciing ldn va mach se dao 
dong, mach se tif tao ra tin hieu ma khong can tin hieu vao v\. 

+ Dieu kien cua mach dao dong la: 

• dp lpi vong b.Avo = 1 

• dp lpi pha cua toan mach la 0° de co hoi tiep diking. 


§4.2- MACH DAO DONG HINH SIN DUNG RC 
I) Mach dao dong sdm pha (hinh 4.2) 

Trong s<t do hinh 4.2, transistor dtfpc rap kieu E chung nen 
la mach khuech dai dao pha 180°. Mach hoi tiep tif cpc C ve cifc B 

v V 

gom ba mach lpc RC loai loc thi/png thong. O day mach lpc RC 
dupe chon trj so sao cho mdi mach lam sdm pha 60 11 (tinh chat ciia 
mach vi phan). Nhtf vay, qua ba mach lpc RC se lam sPm pha 180°. 
Tin hieu tif cifc C qua mach hoi tiep se (rung pha vPi tin hieu vao 
cifc B, tao thanh hoi tiep diking. 

De co dp lpi vong b.Avo = L ngifPi ta co the thay doi trj so 
dien tr<’t R B de co dp khuech dai dien ap cua transistor thich hpp. 

Mach lpc RC thd ba tren diking hoi tiep co tu C ket hpp vPi 
dien tri‘i R chinh la mach (iking diking cua Rm // R B2 II r, cua mach 
khuech dai T|. Do tri so ciia ba dien tret nay song song nhau co gia 
tri nho nen phai ghep not tiep them R B de co gia tri chung hang cue 
dien trd R phia tnk'ic. 
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Hmh 4.2 : Mach dao dong sdm pha 


Tan so dao dong cua mach dtfdc tinh theo cong thud: 



Transistor Ti la mach khuech dai dqm rap kieu C chung, co 
tac dung lam giam tong trd ra cua mach, dung hop vOi tong tr<i cua 
tai thifdng cd tr| so nho va khong lam anh hudng den mach dao 
dong dung transistor T|. 

2) Mach dao dong Ire pha (hinh 4.3) 

Trong sO do htnh 4.3, transistor T| la mach khuech dai deni 
rap kieu C chung de cd tong tret vao Idn cd tin hieu vao va ra dong 
pha. 

Transistor T> rap kieu E chung la mach khuech dai dao pha. 
Tin hieu vao cifc B| va tin hieu ra 0 ci/c C? la hai tin hieu dao pha. 

Mach hoi tiep lif cifc C 2 ve ci/c B| gom ba mach Ipc RC loai 
Ipc ha thong. O day mach lpc RC dude chon trj so sao cho nidi 
mach lam tie pha fit) 11 (tinh chat cua mach tich plian). Nhi/ vay, qua 
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ba mach loc RC se lam tre pha 180 11 . Tin hieu hoi tiep tiif cUc C 2 vc 
cut B( se triing pha vdi tin hieu vao d cut B| tao thanh hoi tiep 
throng. 


+Vcc 



Hinh 4.3 : Mach dao dong tre pha 


Tan so dao dong cua mach difdc tilth theo cong thufc: 

2 ttRC 

3) Mach dao dong dung cau Wien 

a) Mach loc dung cau Wien: (hinh 4.4) 




Hinlt 4,4 : Mach loc cau Wien 
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Mach (lien UJ r - Tap 2 


Nguyen Tan PhtYde 


Trong so do hinh 4.4 chia ra hai cap linh kien, dien trd R noi 
tiep vdi tu C cd tong trd chung la ZI, dien trd R song song vdi tu C 
co tong tre’f chung la Z2. 

Ta co: Zi = R + Xc 

~ R + X r 

Hai long trd Zi va Z 2 tao thanh cau phan ap cho ra dien ap 
tin hieu v t) tinh theo cong thtfc: 



Nhan xet: 

- Khi cd tan so f thap —> 0 thi Xc -> oc nen tong trdf Z\— >oc, 
dien ap ra v 0 hi giam rat nhd. 

- Khi cd tan so f cao —> oc thi Xc -> 0 nen tong tref Z^^O, 
dien ap ra v 0 cung hi giam rat nhd. 

Bang phdctng phap phan tich va tinh toan nhd phan mach 
lpc, ngufti ta chdng minh rang tan so cd hien dp dien ap v 0 ra Idn 
nhat la: 




2irRC 

d tan so fii: Z, = yflR 


t>, = — v 

o ^ 

3 


va Z, = — 

‘ 4i 

la bien do ra cifc dai. 


b) Mach dao dong can Wien: (hlnh 4.5) 

Hai transistor T| va T 2 deu rap kieu E chung nen la mach 
khuech dai dao pha. Tin hieu vao ede B 3 va ra cifc C 2 se la hai tin 
hieu dong pha de tao hoi liep during. 
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Chudniz 4 


Mach dan dong hinh sin 



Mach hoi ticp tut cdc C 2 ve cdc B] la mach cau Wien de 
chon loc tan so: 



Theo phan tich tren, mach cau Wien co dp ldi hoi tiep: 



Theo dieu kien cua mach dao dong phai co do ldi vong: 
b. Avi) = 1 

Do nen chi can cd Avo = 3 thi du de cho mach dao 

3 

dong ddpc. Avo la dp khuech dai cua T| va T 2 . 

4) Mach dao ddng cau T doi 

a) Mach loc can T doi: (hinh 4.6) 

Theo nguyen ly cua mach loc, mach loc (1) la mach loc ha 
thong, mach loc (2) la mach loc thuVlng thong. 
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Mach dicn luf - Tap 2 


Nguyen Tan Phtfdc 


R R 



H\nh 4.6 : Mach loc cau T doi 


Nhtf vay, tin hi6u tan so thap va tin hieu tan so cao deu co 
bien do ra Idn. Tin hieu co bien do ra nho nhat dtfcic tinh thco cong 

f,= 1 


thtfc: 


2 nRC 


b) Mach dao dong cau T doi: 







Chirring 4 


Mach dao dong hinh sin 


Trong sri do hinh 4.7, transistor T| rap kieu E chung khuech 
dai dao pha, transistor T 2 rap kieu C chung nen khuech dai dring 
pha. Do do, tin hieu vao ct/c B| va tin hieu ra cl ct/c E 2 la hai tin 
hieu dao pha. 


Mach loc cau T doi trong sri do nay la mach hoi tiep am tif 
cite E 2 ve ct/c B|. Cac tin hieu co tan so cao va tan so thap hrin f () 
deu dtfric hoi tiep am ve ct/e Bi nen cac tin hieu nay se bi loai bo d 
ngd ra. Rieng tin hieu f () bj mach loc cau T doi giam bien do nen 
khong difric hoi tiep am se dude khuech dai va co bien do ra ldn 
nhat. 


Cac mach dao dong RC tren thi/ring chi thich hdp cho cac tin 
hieu hinh sin tan so thap, tir vai chuc Hz den vai chuc kHz. Be tao 
dao dong hinh sin d tan so cao ngtfdi ta tht/dng dung mach dao d$ng 
cong hifdng LC. 


§4.3- MACH DAO BQNG CONG HLfdNG 
1) Mach dao dong cong hdofng LC cd ban 

+Vcc 



Hinh 4.8 : Mach dao dong cong htfdng LC song song 




Mach dien tuT - Tan 2 


Nguyen Tan Phifufc 


NhiT da biet, mach cong hutfng LC co tfnh dan dong. Khi 
difric cap ngudn, tu C nap vu xa qua cuon L, cuon L nap se xa 
ngtftfc lai qua tu va hien ttftfng tiep tuc. Do nang lifting hi tieu hao 
qua dien tref ciia cuon day nen tin hieu dao dong hi tat dan. Muon 
dao dong diftlc duy tri phai co mach hoi tiep diftlng. 

Tan so dao dong chinh la tan so cua mach cong hifdng LC 
ghep song song then cong thiVc: 


2 ttJTc 


Trong sd do hinh 4.8, mach LC song song d ede C de chon 
tan so cong hddng d ngd ra. Hai cuon day dude ghep ho cam theo 
nguyen ly cua hien ap va hai cuon day dude quan ngdde chieu dau 



Dao dong sc phat sinh va duy tri khi dp ldi vong b.Avo = 1. 

Khi mach dao dong, dien ap am se xuat hien d dau tren cua 
tu C B va lam dien ap V B giam nhd hOn V K , transistor se hoat dong d 
hang C. 

2) Dao dong Hartley 

Mach dao dong Hartley con goi la mach dao dong ba diem 
dien cam co sd do nhd hinh 4.9. 


Transistor ddde rap cu’c E chung nen cd tin hieu vao ede B 
va tin hieu ra d ede C la hai tin hieu dao pha nhau. Mach LC song 
song la mach cong hddng de chon tan sd dao dong trong do: 

L = Li + L 2 + 2M L| - L 2 : he sd td cam 

M: he sd ho cam 

Tan sd dao dong la: /' =-L_ 

2 ttJlc 
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Chitting 4 


Mach dao dong hnih sin 


Dicu kien phut sinh dao dong: 
L + M 




L + M 


+Vcc 



O tan so dao dong to mach LC co tong trd cifc dai ncn dien 
ap cua tin hieu f<> cd tri so ldn nhat se di/dc dda vao ci/c B cua 
transistor do khucch dai. 

Nhd cuon day L co diem gitfa noi mass nen tin hieu ra tren 
cite C qua dtffrng hoi tiep ve cdc B la mach LC song song se tao lai 
tin hieu dong pha vdi tin hieu d ngo vao de co hoi tiep dittfng theo 
dieu kien cua mach dao dong. 

Cuon day L gom hai phan Li va cd diem giiTa noi mass 
nen mach dtrpc gpi la mach dao dong ba diem dien cam. 

Tu CE la tu phan dong de loc tin hieu tren cifc E, bd lac 
dung hoi tiep am cua R E . Cac tu C\ - C2 - Ci la tu lien lac thrfdng 
cd tri so kha Idn so vdi tu C. 


101 




Mach dien tu~ - Tap 2 


Nguyen Tan PhiTdc 


3) Dao clpng Colpitts 

Mach dao dong Colpilis con gpi la much dao dong ba diem 
dien dung cd set do nhif hinh 4.10. 

Trong much dao dong Colpitts, transistor rap kieu E chung la 
much khueeh dai dao, mach LC song song la mach cpng hifdng de 
chon tan so duo dong, trong do, tu C cd dien dung thong difdng dien 
dung tu C| va Ci ghep noi tiep. 

Tan so dao dong: 

, 1 ^ C\.C\ 

f =-vdi: C - — 1 —— 

' InjlC C\ + C 2 

Mach dao dong Colpitts cd nguyen ly thong tif mach dao 
dong Hartley nhifng thay hai cuon day L| - L; noi tiep bang hai tu 
Ci - Ci noi tiep de cd diem giffa mach cong hutfng noi mass. Nhd 
do, mach LC song song cd hai tin hieu d hai dau la hai tin hieu dao 
pha nen tao ra hoi tiep difdng then dieu kien ciia much dao dong. 

C 

Dieu kien phal sinh dao dong la: ft >= — 

+Vcc 
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Chitting 4 


Mach dao dong h'inh sin 


§4.4- BO DAO DQNG THACH ANH 

1) Mach tittfng dtftfng ve hieu tfng ap dien cua thach anh 

Tinh the thach anh la loai da trong mil co cau tao sau mat 
va co hai thap or hai dau (hinh 4.1 la). 

Ngift'li ta cat tinh the thach anh theo mot phiftlng vj gdc xac 
dinh theo dang trdn, dang vudng dai hay dang thanh ... Dien tich cua 
tat thach anh khoang vai cm 2 va he day rat mdng khoang vai mm. 
Hai mat lai thach anh diftlc mai that phang, ma len Idp kim loai 
thifilng la bac va nbi ra cac dien ctfc. Cudi cling lat thach anh diftlc 
bd trong hop co chiifa bot each dien va dude ndi ra hai chan (hinh 
4.1 lb va 4.1 lc). Tinh the thach anh cd ky hieu nhu"hinh 4.1 Id. 



Hinh 4.1 la : Hinh 4.11b : Hinh 4.1 lc : Hinh 4,1 Id : 

Tinh the Cau tao Hinh dang Ky hieu 


Tinh the thach anh cd dac tinh la khi hi kich thich bdi mot 
Ipe ep of hoc thi thach anh sc phat ra dien tri/dng, giiJa hai ban cUc 
se xuat hien mot dien ap gpi la hieu tfng ap dien. Ngift.lc lai, khi 
kich thich tinh the thach anh bang nguon dien AC, tinh the thach 
anh se rung d tan so" khdng doi va hien lifting rung nay gay ra hieu 
tfng ap dien, thach anh lai phat ra dien triTdng va cho ra tin hieu 
xoay chieu cd tan so khdng doi. 

Tinh the thach anh cd mach lifting dtfdng va dac tinh tref 
khang nhir hinh 4.12a va 4.12b. 
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Mach dicn tut - Tap 2 


Nguyen Tan PhuVjlc 



Hinh 4.12a : Mach tu'cfng dtfdng Hinh 4.12b : Dae tinh trd khang 


Cac thong so cua tinh the thach anh co tri so tuy thupc mat 
cat thtfdng trong khoang: 

Rs = vai chuc Q s- vai kQ 

Ls = vai chuc mH 4- vai ngan mH 


Cs = nhd hdn 1 pF 


Cp = vai pF s- vai chuc pF 


Tinh the thach anh cpng hi/dng d hai tan so khac nhau. 


cpng hiTcfng noi tiep ci tan so fs do Ls va Cs theo cong thtfc: 
fs= 1 


2 xjL K C s 

- cong hvrorng song song d tan so fp do Ls va Cs (Cs song 
song Cp) theo cong thtfc: 


fs = 


In L,. Cs C “ 
V Cs+C, 
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ChUOna 4 


Mach dan ddn^ hmh sin 


Do Cp » Cs non: ( — =C\ 

(\ + c r 

Nhir vay t's va tV co tri so gan bang nhau. 

Thach anh con co: Xl s » R$ va Xc s » R non dao dong 
thach anh co he so pham chat Q rat kin. Dieu nay co nghTa la tinh 
the thach anh Irong mach dao dong co do on dinh tan so rat Idn 
khoang vai tram ngan. 

Cac thong so ciia tinh the thach anh rat it thay doitheo nhiet 
do va thefi gian non thtfdng du’efe dung trong cac mach dao dong can 
do on dinh tan so eao. 

Bo dao dong thach anh co the cho mach dao dong of tan so 
fs, luc do trot khang cong hutfng Z —> 0C1. NguVtc lai cflng cd the cho 
mach dao dong <5 tan so fp, luc do trd khang cong hutfng Z —> x Q. 
Nhif vay, bo duo dong thach anh duVfc chia ra hai loai la dao dong 
noi tiep va dao dong song song. 

2) Bo dao dong thach anh no! tiep 

Trong sd do 4.13, thach anh X nhu' la mach cong hifefng LC 
ghep ndi tiep ket help vefi hai tu C| - C± de tao tin hieu dao pha. 
Nguyen ly nhii mach dao dong Colpitts (dao dfmg ha diem dien dung). 


+Vcc 



Hinh 4. 13 : Dao dong thach anh Colpitts cai tien 
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Mach dien tiJf 


Nguyen Tan Phude 


Thach anh X nam tren (luting hoi tiep tir ci/c C ve ciTc B nen 
chi co tin hieu d tan so cong htfdng diftlc hoi tiep de tao dao dong 
ra d tan so nay. 


+Vcc 



X 


Hinh 4.14 : Thach anh noi tiep tren dtiftrig hoi tiep 


Trong much dien hinh 4.14, thach anh X nani tren difting hoi 
tiep tif cifc C 2 ve cite B|. nhif much cong hitting LC ghep noi tiep. 
Nhii hai transistor la mach khucch dai dao ghep lien tiep nhau nen 
tin hieu vao ci/c B1 va tin hieu ra Cl ci/c C2 la hai tin hieu dong pha, 
much hoi tiep la loai hoi tiep duifng de tao dao dong ci tan so cong 
hitting f s ciia thach anh X. Hai tu C] va C 2 la tu lien lac de each ly 
dien ap mot chieu giffa hai tang. 

3) Bo dao dong thach anh song song 

Trong mach dien hinh 4.15, thach anh X nhif mach cong 
hiring song song <i ngo ra de chon tan so. Tan so cong tufting chinh 
la tan so IV cua thach anh. 


106 



ChiftJnu 4 


Mach dao don^i hmh sin 


+Vcc 



Dc tao hoi tiep, hai tu C| va C 2 la cau phan ap xoay chieu 
lay tin hicu ra t'f cifc C hoi tiep ve cifc E. Nlnf vay, transistor diftJc 
rap kieu B chung non la mach khuech dai dong pha. Tin hicu vao 
cifc E va tin hicu ra <1 cifc C la hai tin hieu dong pha non much hoi 
tiep nhil cau phan ap C| - C 2 la mach hoi tiep dififng dung thco dicu 
kien ciia mach dao dong. 

Thifc chat mach dao dong nay cung la mach dao dong 
Colpitis cai tien (loai mach ha diem dien dung). 

Hien nay dao dong thach anh difdc ifng dung rat rpng rai 
tren cac thiei hi dien tuf dan dung hay chuyen dung nhif dp on dinh 
tan so rat kin. Tuy nhien, thach anh chi difdc che tao cd tan so dao 
dong tuf lOOkll/ tret IC-n, <1 tan so thap rat khd che tao vi can thach 
anh co kich thifdc ldn. 
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CHLfCfNG 5 

VI MACH DINH THI 555 


§5.1-DAI ClfCfNG 

Vi mach dinh Ihi 555 va ho cua no ditfdc i?ng dung rat rong 
rai trong ITnh vdc dicn tif dan dung cflng nhtf dicn tuf cong nghiep, 
vi neu ket hdp vdi cac tinh kien RC rtti hen ngoai mot each thfch 
hiip thi no cd the thifc hien nhieu chile nang nhif dinh thi, tao xung 
chuan, tao tin hieu kith hay dieu khien cac linh kien ban dan cong 
sual nhif transistor, SCR, Triac ... 

Trong chddng nay se gidi thieu call true, nguyen ly cua 1C 
555 va cac ifng dung ett ban cua no, dong thdi gidi thieu cac kieu 
giao tiep vdi tai d ngo ra. 

§5.2- SG DO CHAN VA CAD TRLIC 



Hinh 5.1: Cach ra chan 
cua IC 555 


Vi mach 555 duVfc che tao thong dung nhal la dang vd plastic 
nhif hinh ve 5.1. 

Chan 1: GND (noi dat) 

Chan 2: Trigger Input (ngd vao xung nay) 
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Chuum; 5 


Vi math dinh thi 555 


Chan 3: Output (ngo ra) 

Chan 4: Reset (hoi phut) 

Chan 5: Control Voltage(dien dp dieu khien) 

Chan 6: Threshold (them - ngrfctng) 

Chan 7: Dircharge (xa dien) 

Chan X: +Vcc (nguon difdng) 

Ben trong vi math 555 to hdn 20 transistor va nhieu dien trd 
tht/c hien cat chufc nang nhif trong hinh 5.2 gom to: 

1) Cau phan ap gom ba dien tret 5k£2 noi tu’ nguitn +Vcc xuong 
mass cho ra hai dien ap chuan la l/3V r( ' va 2/3Vre • 

2) OP-AMP (1) la math khuech dai so sanh to ngo 1,,' nhan 
dien ap thuan 2/3V c -c ton ngo l„ + thi noi ra ngoai than 6. Tuy thuot 
dien ap cua chan 6 so vdi dien ap thuan 2/3V ( c mi OP-AMP (1) to 
dien ap ra mute tao hay lhap de lam tin hieu R (Reset) dieu khien 
Flip-Flop (F/F). 

3) OP-AMP (2) la math khuech dai so sanh ngo Ih + nhan dien 
ap thuan 1/3 V rr con ngo I„ thi noi ra ngoai than 2. Tuy thuot 
dien ap chan 2 so vdi dien ap thuan l/3V C t ma OP-AMP (2) to 
dien ap ra mu’c tao hay thap de lam tin hieu S (Set) dieu khien 
Flip-Flop (F/F). 

4) Mach Flip -Flop (F/F) la loai math lifting on kith mot ben. 
Khi chan Set (S) to dien ap tao thi dien ap nay kith doi trang thai 
F/F lam ngo Q len mu’c tao va ngo O xuong mufc thap. Khi ngo Set 
dang t! mdt cao xuong thap thi math F/F khdng doi (rang thai. Khi 
than Reset (R) to dien ap tao thi dien ap nay kith doi (rang thai 
cua F/F lam ngo O len mdc tao vii ngo Q xuong mufc thap. Khi ngo 
Reset dang d irutc tao xuong thap thi math F/F khdng doi trang 
thai. 


10‘) 
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5) Mach OUTPUT la mach khuech dai ngd ra de tang do 
khuech dai dong cap cho tai. Day la mach khuech dai dao cd ngd 
vao la chan Q cua F/F nen khi Q Cl mtfc cao thi ngo ra chan 3 cua 
IC sc co dien ap thap (= OV) va nglide lai khi Q cl mdc tha’p thi ngd 
ra chan 3 ciia IC se cd dien ap cao (= Vcc )■ 

6) Transistor T| cd chan E noi vao mot dien ap chuan khoang 
1,4V va loai PNP nen khi ci/c B noi ra ngoai befi chan 4 co dien ap 
cao hdn 1,4V thi T| ngt/ng dan, T| khong anh hildng den hoat dong 
cua mach, khi chan 4 cd dien trei tri so nhc> thich hop noi mass thi T| 
dan bao hda dong thefi lam mach OUTPUT cung dan bao hoa, ngo 
ra xuong thap. Chan 4 dibit: goi la chan Reset nghTa la no Reset 1C 
555 bat chap tinh trang d cac ngd vao khac, do do, chan Reset 
dung de ket thuc xung ra sdm khi can. Neu khong dung chufc nang 
Reset thi noi chan 4 len Vcc de tranh mach bj Reset do nhieu. 


+V«- 

(8) (6) Threshold 










ChtfOrtg 5 


Vi mach dinh ihi 555 


7) Transistor T 2 cd cu'c C de hd noi ra chan 7 (Discharge = xa). 
Do cu'c B difpc phan cifc bdi mtfc dien ap ra Q cua F/F nen khi O d 
mdc cao Ti hao hda va cifc C -2 coi nhif noi mass, luc do ngo ra chan 
3 cung d muTc thap; khi O d tilde thap thi T? ngdng dan cifc C 2 bi 
hd, iiic do, ngo ra chan 3 cd dien ap cao. Theo nguyen ly tren cifc 
C 2 ra chan 7 cd the lam ngo ra phu cd mufc dien ap giong mifc dien 
ap cua ngo ra chan 3. 

§5.3- MACH DA HA I PHI ON DUNG 555 
1. Mach phi on cof ban 



Ri=l,2kQ 


Sd do mach hinh 5.3 la ifng dung cua IC 555 lam mach da 
hai phi on de tao xUng vuong. 

Trong mach, chan ngifdng (Threshold) so 6 dtfdc noi vdi 
chan nay (Trigger) so 2 nen hai chan nay cd chung dien ap la dien 
ap tren tu C de so vdi dien ap chuan 2/3Vcc va l/3V C c bdi OP- 
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Mach dicn itf - Ta 
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AMP (I) va OP-AMP (2). Chan 5 cd tu nhd .01 noi mass loc nhieu 
tan so can co the lam anh hifdng dicn ap chuan 2/3Vcc- Chan 4 noi 
nguon + Vncn khdng dung chufc nang Reset, chan 7 xa dicn dude 
noi van giifa hai dicn tref R \ va Rh tao dudng xa dien cho tu. Ngd ra 
chan 3 co dien trei gidi han dong l,2kQ va Led dc bieu thi mtfc 
dien ap ra (chi co the dung trong trifling hdp tan so dao dong thap 
tit 20H/ tr<"f xuong vi cl tan so cao hdn 40H/ (rang thai sang va tat 
cua Led khd cd the nhan bio I bang mat thudng). 

Be phan dch nguyen ly cua much can ket hdp mach ifng 
dung hinh 5.3 va set do can true hinh 5.2. 

Khi nidi dong dien tu C bat dau nap tit OV !en nen: 

- OP-AMP (1) cd Vj + < V,' , ngd ra V () | = mtfc thap, ngd R = 0 
(mife thap). 

- OP-AMP (2) cd V, + > Vj‘ , ngd ra V ( > 2 = mi'fc cao, ngd S=1 (mtfc 
cao). 

- Mach F/F cd ngd S - 1 nen Q = 1 va O - 0. Luc do, ngd ra 
chan 3 cd V () = V rc (do qua mach dao) lam Led sang. 

- Transistor T 2 cd V B2 = 0 do Q - 0, T 2 ngifng dan va de tu C 
dude nap dien. 

Tu C nap dien qua Ra va Ru vdi hang so thdi gian khi nap: 
tnap = (Ra + Rb) C 

Khi dien ap tren tu tang den l/3V C c thi OP-AMP (2) doi 
liang thai, ngd ra ed V ()2 - mife thap, ngd S= 0 (mife thap). Khi S 
xuong mure thap thi F/F khdng doi trang thai nen dien ap ngd ra van 
of mife eao. Led van sang. 

Khi dien ap tren tu tang den mtfc 2/3Vcc thi OP-AMP (i) 
doi trang thai, ngd ra ed Voi = mtfc eao, ngd R=l. 
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- Mach F/F co ngo R=1 nen Q =1, luc do chan 3 co Vo = OV lam 
Led tat. Khi ngo Q= 1 se lam Ti dan bao hoa va chan 7 noi mass 
lam tu C khong nap tiep dien dp diTPc ma phai xa dien qua Rb va 
transistor T 2 xuong mass. 

Tu C xa dien qua Rh vdi hang so thPi gian: 

^xa = Rb-C 

Khi dien ap tren tu (tufc la dien ap chan 2 va chan 6) giam 
xuong dtftfi 2/3Vcc tht OP-AMP (1) doi tnl lai trang thai cu la V 01 
= mtfe (hup, ngo R = 0. Khi R xuong mtfe thap thi F/F khong doi 
trang thai nen dien ap ngo ra van d mtfe thap, Led van tdt. Khi dien 
ap tren tu giam xuong den mtfe l/3Vcc thl OP-AMP (2) lai co V, + > 
V," nen ngo ra V () 2 = mtfe eao, ngo S = 1 . Mach F/F co ngo S = 1 
nen Q = 1 va Q = 0, ngo ra chan 3 qua mach dao co V () =+Vcc 1dm 
Led lai sang, dong thtfi luc do Tj mat phan cUc do Q = 0 nen ngtfng 
dan dong thPi chain dtft giai doan xa dien cua tu. Nhtf vay, mach da 
trd lai trang thai ban dau va tu lai nap dien ttf mtfe l/3Vcc len mtfe 
2/3Vcc , hien tupng nay se tiep dien lien tue va tuan hoan. 

Luu v: Khi met dien tu C se nap dien ttfOV len 2/3Vcc roi sail do 
tu xa dien ttf 2/3V t -c xuong 1/3 Vcc c'htf khong xa xuong 0V. Nhtfng 
chu ky sau tu nap ttf l/3Vcc len 2/3Vcc ehtf khong nap ttfOV ntfa. 

ThcJi gian tu nap la thPi gian V () s +Vcc, Led sang. ThPi 
gian tu xa la thPi gian Vo - 0V, Led tdt. 

ThPi gian nap va xa cua tu dupe tmh theo cong thtfc: 

* ThcYi gian nap: t mip = 0,69T nap 

tn.ip = 0,69 (Ra + Rb) C 

* ThPi gian xii: t x ,-, = 0,69 t x ^ 

t*a = 0,69 RbC 
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Dien ap ngo ra chan 3 co dang hinh vuong vc'Ji chu ky: 

T = t n<) p + txii 

T = 0,69(R a + 2R b )C 

Do thefi gian nap va thdi gian xa khdng bang nhau (t IM1 , > t x .’,) 
nen tin hieu hinh vuong ra khdng doi xtfng. Tan so cua tin hieu hinh 
, \ 1 

vuong: /= — =- 

b T 0,69(/?, + 2R h )C 

2 . Dang song ra tai cac chan 
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Hinh 5.4 la dang dien ap tat cac chan 2-6, chan 7 va chan 3 trong 
do khoang thdi gian dien ap tang la thdi gian tu nap, khoang thdi 
gian dien ap giam la thdi gian tu xii. 

Khi khao sat dang dien ap tai cac chan can lull y khi rnd 
dien thi tu C se nap dien tif OV len den 2/3V<x nhiing khi xa chi’ xa 
den l/3Vcr, do do, nhifng Ian nap sau tu chi nap tir 1/3 den 2/3V cc . 
De tinh chu ky cua tin hieu ngifdi ta chi tinh cac lan nap sau chi? 
khong xel lan nap dau tien. 

Khi tu nap thi chan 7 co dien ap cao hdn chan 2-6, nhifng khi 
tu xii thi chan 7 giiim nhanh xuong OV (do h trong IC chay bao hda) 
chi? khong giam theo ham so mu tren tu C. 

2. Mach phi on doi xufng 

Trong mach phi on, do thdi gian nap va thdi gian xii ciia tu 
khong hang nhau nen dang dien ap vuong d ngo ra khong doi xi?ng. 

Taco: t nap = 0,69(R A + R B )C 

i«i = <>,69 Ru.C 

De cho dang song vuong d ngo ra doi xi?ng ngifdi la co the 
thifc hien bang nhieu each. 

Crich thit I_ : Chon dien trd R A co tri so" rat nhd so vcii R B thi luc 
do sai so giffa t„ ;ip va t^.-, coi nhif khong dang ke. Dieu nay kho thtfc 
hien neu lam viec of tan so cao. Dien tred R A co tri so toi thieu 
khoang vai kQ thi R B phai co tri so rat ldn khoang vai tram kQ. Vdi 
cac tri so dien trd nay thi tan so dao dong khong the cao difdc. 

Cdch ihu 2 : Dung diod D ghep song song R B theo chieu hifdng 
xuong (hinh 5.5a). Khi co diod D, thefi gian tu C nap lam diod D 
difdc phan cifc thuan co dien trd rat nhd nen coi nhif noi tat R B . 
Thdi gian nap dien ciia tu C difdc tinh theo cong thufc: 

tnap = 0,69R A .C. 
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Khi tu C xa dien thi diot dtfdc phan cite ngtfdc nen tu van xa 
dien qua Rb. Thcli gian xa dien cua tu difric ttnh theo cong thufc: 

txa = 0,69Ru.C 

Ncu chon tri so Ra = Rb thi much tao ra tin hieu hinh vuong 


8 4 


6 555 3 


1 5 


Hinh 5.5a 



8 4 

<7 


o 555 3 

j 


I 5 


Hinh 5.5b 







Chu'dng 5 


Vi mach dinh thi 555 


That ra trong mach dien hinh 5.5a, khi tu nap dong dien phai 
qua Ra va dien trd thuan cua diod nen thcii gian nap van ldn hdn 
thtJi gian xa mot it. Be cho tin hieu that doi xtfng thi ghep them 
diod noi tiep vdi dien trii Rb nhif hinh 5.5b. Nhif vay, ea hai trtfcfng 
hdp nap va xa deu cd diod. Dieu kien cua hai mach tren la Rb phai 
co tri so kha ldn so vdi dien trd thuan cua diod. 


4. Mach phi on dieu chinh tan so" va chu trinh lam viec 


Hai yeu cau thudng cd trong thiet ke mach da hai phi on la: 

- Thay doi tan so f ma van gift nguyen chu trinh lam viec (doi 
xdng) 

- Thay doi chu trinh lam vi£c ma van giff nguyen tan so f. 

Be co the thay doi tin hieu hinh vuong ra ma van co tin hieu 
doi xtfng thi hai dien trd Ra va Rb phai dtfdc dieu chinh sao cho 
cimg t2ng hay giam tri so. Luc do trong mach dien cd hai dien trd 
VR a va VRb ghep noi tiep nhd trong sd do hinh 5.6a. 


+V c -c 



Hinh 5,6a : VR a - VRb chung true, chinh dong htfdng 
Mach thay doi tan so 
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+V, r 



Hinh 5.6b : VR A - VR b chung true, chinh ngude hddng 
Mach thay doi chu trinh 

De thay doi chu trinh lam vice ttfc la thay doi ti le thefi gian 
tin hieu co dien ap cao va thcli gian tin hieu co dien ap thap (hay la 
thiti gian nap va thcli gian xa cua tu) nhdng van giuf nguyen tan so 
nghia la chu ky T hang hang so", hai dien trd R A va R B phai dude 
dieu chinh sao cho khi R a t5ng thi Rb giam cling mot gia trj thay 
doi. Luc do, trong mach co hai bien trd VR A va VR B ghep noi tiep 
nhdsd do 5.6b nhifng hai bien trd dtfdc dicu chinh ngUdc htfdng. 


§5.4- MACH DA HAI DdN ON DUNG 555 
1. Mach da hai ddn on cd ban 

Be co the phan tich nguyen ly cua mach ddn on mot each de 
hieu, can suf dung hai sd do hinh 5.7 va 5.8. Sd dd hinh 5.7 ve mach 
ip dung IC 555 lam mach ddn on, sit do hinh 5.8 ket hdp vdi sd do 
cau true ben trong 1C. 
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+V t -r 



+v cr 



Trong mach nay chan ngtfdng so 6 va chan xa dien so 7 
diTOc noi vao diem chung cua mach dinh thi RrC. Chan 2 nhan xung 
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kich dtfdc noi len nguon +V<~c qua (lien tret 10k£2 sao eho chan nay 
cd dien ap ldn hdn l/3Vcr - 

Dae diem cua mach ddn on la khi co xung am hep tac dong 
ttfc thdi c) ngd vao Trigger chan 2 mach se doi trang thai va tai ngd 
ra chan 3 se co xung dudng ra. B6 rung xung cl ngo ra co thefi gian 
ngan tuy thuoc mach djnh thi RtC, sau do mach se trd lai trang thai 
ban dau. 

Nguyen ly mach ddn on dtfdc giai thich nhtf sau: 

Khi md dien, tu C noi chan 7 va chan 7 xuong mass lam OP- 
AMP (1) co ngo I + n nho hdn ngd T n nen ngo ra Voi = OV, ngd R cf 
mtfc thap. Luc do, OP-AMP (2) co ngd I + n cung nho hdn ngd I n nen 
ngd ra V 02 = OV, ngd S cung d mure thap. Mach F/F c6 hai ngd R va 
S deu d mufc thap va nhd ca"u true cua mach chi tiet nen F/F co ngd 
ra Q d rntfc cao, qua mach dao ngo ra chan 3 se co mite thap gan 
OV. Khi Q d mdc cao lao phan ede bao hoa eho Tj, T 2 dan noi chan 
7 xuong mass chan 6 cung bi noi mass nen tu C khong nap dien 
dddc mach se on dinh d trang thai nay neu khong co tac dong khac 
tCT ben ngoai. 

Khi dong khoa K se co xung am kich vao chan Trigger so 2 
lam OP-AMP (2) doi trang thai cua ngd S len mtfc cao. Ngd S cao 
dieu khien F/F doi trang thai lam ngd Q xuong mtfc thap, ngd ra 
qua mach dao se tang len mtfc cao va xung dtfdng ra. Luc do, Q d 
mtfc thap nen T 2 ngtfng dan de tu C nap dien qua Rt- Trong thtfi 
gian tu C nap dien mach van giff trang thai nay nen ngd ra tiep tuc 
d mtfc cao. 

Dien dp nap tren tu cd trj so tang theo lam so" mu va khi dien 
ap dat 2/3V C c thi OP-AMP (1) doi trang thai, ngd R tang len mtfc 
cao. Ngd R cd mtfc cao se dieu khien F/F Ire) lai trang thai cu, ngd Q 
len mtfc cao se lam ngd ra mach dao se xuolng mtfc thap cham dtft 
xung dtfdng ra. Dong thdi, luc do T 2 dtfOc phan ctfc bao hoa nen 
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chan 7 ndi mass lam tu C xa dien. Mach se on djnh d trung thai nay 
cho den khi cd xung am khac tac dong vao chan Trigger (so 2). 

Thdi gian xung difttng ra tt?c la thtli gian nap dien tu’ OV len 
2/3Vcc- dUVfc tinh nhi/sau: 

Dien ap nap tren tu tang theo ham so mu: 

V ( -V (( (\-e r ) (trong do t = Rt.C) 


Thdi gian tu nap dien ap (uf OV nen 2/3 Vcc la tx difttc tmh: 


K =KrO-e ' ) = -V ( , 


Suy ra: 


1-e r = 


hay 1 — - e ’ 
3 


— = e r = 
3 


e r 


/ 



= 3 


Cuoi cung ta co ham so nguTric cua ham so mu la In. 

Nhifvay: t x = t . In3 (ln3 = l,l) 

tx = I.IRtC 

2. Dang song ra tai cac ch&n 

FDnh 5.9 la dang song tai cac chan 2 (Trigger), chan 3 
(Output) va chan 6-7 (Threshold - Discharge). 
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(Chan 2) v ‘ 



Hinh 5.9 : Dang song ra 

Binh thirting chan 2 phai co dien ap ldn hefn l/3Vcc, khi co 
xung am iht bien dp xung phai lam dien ap chan 2 nho hefn 1/3V CC . 

Khi vifa co xung am d chan 2 thi ngo ra bat dau co xung 
duVfng va tu C bat dau nap dien. Thbi gian xung during ra t x khdng 
tuy thupc do rong xung am of ngd van ma chi phu thupc hang so 
thrii gian x cua mach dinh thi. Neu dung bien tret VR thay cho Rt ta 
co the thay doi dp rong xung ra, each khac thay doi tu C b<ing cac 
dien dung co trj so khac nhau. 

3. Mach tri hoan dung kieu defn on 

Mach drin on duric tfng dung rat rong rai trong ITnh vdc tii 
dong dieu khien va dac biet la mach tri hoan. Trong thife te" ngddi 
ta khdng can tao xung dieu khien cho vao chan so 2 (Trigger) ma 
mach ttf tao xung khi co dien. Nhu vay, khi mdi md dien 0 ngo ra 
cung bat dau co xung ra. 
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Mach dien hinh 5.10 la sd do mach ttf tao xung khi md dien. 
Trong sd do chan so 2 (Trigger) dtfdc ndi den chan so" 6 (Threshold 
= them) nen se co chung dien ap gitfa cac mach nap RpC de so vdi 
hai dien ap chuan trong IC la 1/3Vcc va 2/3Vcc- 


+Vcc 



Khi md dien ty C bat dau nap tOf OV len nen OP-AMP (2) co 
ngo I n " Idn hdn ngd nen ngo ra V 0 2 d mure cao, ngd S cung d mtfc 
cao, mach F/F cd ngo Q d mtfc thap va ngo ra cua IC co Vo s Vcc 
co nghTa la ttfc thdi cd xung ra. Luc do OP-AMP (1) cd ngo I n + nhd 
hdn ngd I,,' nen ngd ra Voi d mtfc thap, ngd R cung d mtfc thap. 

Khi tu dien nap dien ap den mtfc l/3Vcc thi OP-AMP (2) 
doi trang thai, ngd S xudng mtfc thap nhtfhg mach F/F vln giff 
nguyen trang thai va xung van dang con d ngd ra. 

Khi tu dien nap dien ap den 2/3Vcc thi OP-AMP (1) doi 
trang thai, ngd R len mtfc cao lam mach F/F cung doi trang thai ngd 
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Q tang len mdc eao lam ngo ra cua IC giam xuong mdc thap V 0 = 
OV va chain du't xung d ngo ra. 

Thdi gian c6 xung ra hay do rpng xung chinh la tu C nap tif 
OV len den 2/3Vcc va cung ddilc tinh then cong thuTc: 

t x = I.IRtC 

Trong mach nay chan 7 (Discharge = xa dien) dc trong, 
khong noi vao much nap R-pC nen tu khong xa dien va mach se giff 
mai trang thai nay. Muon co xung ra tiep thi phai tat dien rdi md 
lai. 

Trj so dien trd Rj va tu C dddc gidi han trong khoang: 

R t = lOkO -r 14MQ 


C = 100 pF^ lOOOpF 


Vdi cac tri so tren cua Rt va tu C, mach co the cho ra cac 
xung co do rpng ngan nhat khoang vai micro giay den vai gift. 


Nhif vay, khi md dien rd-le RY khong co dien do V(> = Vcc. 
sau khi cham du't xung tdc la sau thdi gian t x thi rd-le RY co dien vi 
Vo = OV. Khi rd-le cd dien se dong hay md cac tiep diem de dieu 
khien mach khac thddng la mach cong suat. 

That ra 1C 555 va ho IC dinh thi ctia no co dng dung rat da 
dang, trong chitting nay chi gidi thieu hai dug dung cd ban nhat cua 
no la mach da hai phi on va da hai ddn on. 


§5.5- 1C 555 GIAO T1EP VCfl CAC LOAI TAI 

IC 555 cd the giao tiep vdi nhieu loai tai khac nhau va tuy 
trddng help mdi loai tai deu cd the mac theo hai each: 

- Tai dddc cap dien khi ngo ra cd dien ap thap. Luc do IC se 
nhan dong dien tai theo chieu tif nguon qua tai roi vao IC. Dong 
dien tai trddng hdp nay gpi la I nhan. 
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- Tai dtfric cap dien khi ngd ra co dien ap cao. Luc do IC se 
cap dong dien cho tai then chieu tif nguon qua 1C roi qua tai. Dong 
dien tai trifling h<jp nay goi la I nguon. 








Mach dien tur - Tap 2 
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Kha nang cap dong dien va dien ap cua IC 555 nhir sau: 

1) Dien ap ra d mtfc thap 

Vdi V cc = 15V. Dien ap V () chinh la V CE2 khi T 2 bao hoa: 


I L = 10mA 

=> 

V 0 = 0,1V 

I L = 50mA 

=> 

V () = 0,4V 

l L = 100mA 

=> 

V 0 = 2V 

1 L = 200mA 

= > 

V„ = 2,5 V 


2) Dien ap ra d mdc cao 

Vdi V cc = 15V. Dien ap V 0 chinh la Vcc - Vcei khi T| bao hoa: 
I L = 100mA => V 0 = 13,3V => V CEI = 1,7V 

I L = 200mA => V 0 = 12,5V => V CH i = 2,5V 

3) Tai la Led 



Hinh 5.12a : Dien ap ra mtfc thap, 1, 


K, -(Y m + K,.>) 


R 
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Neu tai la Led thi phai dung dien trd ghep ndi tiep vdi Led 
de gidi han dong qua Led. Tuy theo each mac tai ma dong dien qua 
Led eo edng thde tinh khac nhau. 



Hirth 5.12b :Bien ap ra mdc cao, I, - 


Kc + K-i i) 

R 


4) Tai la rnf-le 

1C 555 co the giao tiep vdi cac loai nMe dieu khien. Cac 
loai rd-le nay cd dong thu'ifng nhd du’di 100mA va dien ap cQng 
thifdng d mtfc thap nhii 6V - 12V - 24V, 

Trong much tai nMe co diod D ghep song song de ndi tat 
dien ap ngitOc do cuon day cua rcMe tao ra khi bi mat dien dot 
ngol. Tiep diem OA hay OB cua nMe dung de dieu khien cac mach 
edng suat Idn. 
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Hinh 5.13a : Bien ap ra mtfc thap 



Hinh 5.13b : Bien ap ra mtfc cao 


A 

B 
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CHLfCfNG 6 

MACH TICH PHAN - VI PHAN - MACH PID 


§6.1-MACH TICH PHAN 

1) Mach tich phan dao (h'rnh 6.1) 

Mach tich phan co tin hieu vao ngo dao I n , mach hoi tiep tit 
ngd ra ve ngo la tu C. Dien tret R| la dien trd nap xa cua tu, dien 
trd Rj on djnh nhiet cho OP-AMP. Thitiing chon: R| = R 2 = R. 



Hinh 6Jj . Mach tich phan dao 

Do tinh chat cua OP-AMP nen dong dien Ij vao OP-AMP 
xem nhi/bang 0, diem I n ' xem nhifdiem mass. Ta co: 

R 

dV 

Dong Ip la dong nap vao tu nen: / F - -C —— 

dt 


Suy = 

R dt 


dV Q =— —V.dt 
0 RC 1 


Lay tich phan ta cd: V 0 = J V,.dt 
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Mach dien luT- Tap 2 


Nguyen Tan PhUde 


RC chinh la hang so thcli gian nap xa cua tu C. Dau truf trong 
cong thtfc la do mach dao dau. 

Neu Vi la dien ap xoay chieu thi: 




v.^siiuotdt 


v 

i max 

-COSCOt 

coRC 


Nhu 1 vay, bien do dien ap ra v„ ti !e nghich vdi tan so co. Bac 

v 

tuyen bien do theo tan so cua mach tich phan la: A = — = f(to) co 

v. 


do doc -6dB/ Octave (xem chifOng 2 “Mach loc”). 

2) Mach tich phan khong dao 


R i 



Hinh 6.2: Mach tich phan 
khong dao 

Xet <3 ngo vao khong dao (I n + ): 

v . ~ v , + v o - v i* r dv* 

R R dt 



Theo sd do va do dnh chat cua OP-AMP ta co: 


_ 1 

v , = 2 V » va 


v, = 


Vi 


+ 


130 



Chifdng 6 


Mach tich phan - vi phan - PIP 


nen: 


v, 



+ v . 



RC d v 

-x-- 

2 dt 






3) Mach tich phan ti le PI (Proportional Integrated) 

Trong lTnh vtrc dieu khien ngufti ta thurdng sd dung mach 
tich phan tt le (PI). Mach PI cd s<t do nhd hinh 6.3, dien dp ra dddc 
tinh theo cong thtfe: 

v„ = Av,B jv,dt (1) 


Do tinh chat cua OP-AMP nen v,' = v, + = OV. 


Dong dien vao tuf nguon tin hieu v, la ij se tao ra dien ap 
tren dien trd R 2 va tu C la: 


v, 



va 


V c - 


R, C 




Hinh 6.3 : Mach tich phan ti le 


Do v," = OV nen: - v n = —v, +- fv, dt (2) 

° R, 1 R,C J ' 
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Mach dicn liV - Tap 2 


Nguyen Tan Phutfc 


Gia thiet: v, = v im . lv >cosa)t 

R v 

suy ra: - v n = —- v Mll , lv cos cot +-sin cot (3) 

R, coR,C 

Xct ba bicu thtfc (1), (2) va (3) ta thay day la ba bieu thtfc 
- , -• A R > n i 

cung dang vili: A=—- . 13 =- 

R, R, C 

Tir bieu thufc (3), cd the tinh diAJc ham truyen cua mach PI la: 



Xet tan so dac biet; <o,. =- => R, =- 

R, C 2 cn 0 C 

Khi co ca « (o„ (f « f 0 ) th'i |k| = 2- x —!—, dac tuyen bien 

R, 0) C 

do tan so cua mach cd do doe -6dB/octave. Khoang tan so nay 
much cd tac dung nhir mach tich phan (ky hieu la vung I do chd 
Integrated = tich phan). 



(wo) 

Hlnji 6.4 : Gian do Bode cua mach PI 
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Chucfng 6 


Mach uch phan - vi phan - PIP 


Khi co m » (o n (f » f {> ) thl |Kj = —- (hang so), dae tuyen 

R, 

bien do tan so ctia much co ti'nh chat nhif much khucch dai (ky hieu 
la viing P do chCf Proportional = ti 16). 

Khoang tan so d giiTa la viing chuyen tiep. 

Gian do Bode tren hinh 6.4 cho thuy hai viing I va P. 


§6.2- MACH VI PHAN 

1) Mach vi phan cd ban (hinh 6.5a) 

Mach vi phan cd tin hieu vao ngd dao V qua tu C, trtach hoi 
tie'p tir ngd ra ve ngd I n li dien trd R (each lap RC n glide lai vdi 
mach tich phan). Dien trd R| noi ngd I„ + xudng mass de on dinh 
nhiel cho OP-AMP. 

Do ti'nh chat cua OP-AMP, dong dien vao 1] = 0 nen I| = Ip. 



Hinh 6.5a : Mach vi phan 

Dong diet! 1| la dong nap qua tu C dtfdc tinh theo edng thifc: 
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Mach dien tif - Tap 2 


Nguyen Tan Phiftllc 


Do ngo I n xem nhir diem muss nen dong dien hoi tiep la: 


/, 

1 R 


Suy ra: 


,<Wj_ 

dt 


Kj = -fit 


Lll 

’ R 

dt 


RC chinh la hang so thdi gian nap xa cua tu C qua R. Dau 
trir trong edng thitc la do mach dao dau. 

Gia slV ngo vao cd: v, = Vi„ m .sino)t 

Ngdracd: v„= -RCcoV [nia< .cos<ol = - V ()llia ,.cos ot 

vdi: V<unj\ = RCo)Vj„ ux 

Do <3d, do khuech dai ciia mach vi phan la: 

|K|= RC« 

Bp khuech dai K tang theo <o nen dac tuyen bien dp/tan so 
ciia mach cd dp doc 6dB/Octave. Vi dp khuech dai cua mach ti le 
vdi tan so nen nhieu tan so cao d ngo ra cua mach nay rat Idn. 

Do ngo vao cd tu Ci nen tong trd vao Z, =—-— se giam 

jtoC 

xuong khi tan so tang. Bieu nay lam bien dp tin hieu vao hi giam. 


Do cae nhtfdc diem tren, mach vi phan dtfpc cai tien theo sP 


do 7.5b. 


De gia in nhieu tan so cao, dien trd R| dtfpc mac ndi tiep 
them d ngo vao. Nhir vay, mach chi cd tac dung vi phan khi lam 

vice d tan so thap vdi to « too = —-—. Tu C 2 ghep song song 

R| C| 

dien trd hoi tiep R? dufpc chon sao cho d tan so co, C 2 xem nhu* hd 
mach. 
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Chtfdng 6 


Mach lich phan - vi phan - PIP 


R, 



Tu Cj song song much hoi tiep nen 5 tan so cao co dung 
khang rat nhd nen se tang tac dung hoi tiep am doi vdi tan so cao 
de giam nhieu. 

Neu chon tri so linh kien sao cho: R|Ci = R 2 C 2 thi khi lam 
vide d tan so cao co > coo, he so khuech dai giam theo tan so", dac 
tuyen tan so trong khoang tan so nay cd do doc -6 dB/octave. 


log k 



Gian do Bode cua mach vi phan cai lien cd dang nhff hinh 
6.6, trong do, khoang tan so to < co 0 (f < to) co do doc +6 dB/octave 
goi la viing D (do chff Differential = vi phan) la vung vi phan, 
khoang tan so co > to (l (f > f 0 ) cd do doc - 6dB/octave gpi la vung I 
(do chff Integrated = tich phan). 
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Mach dien luf - Tap 2 


Nguyen Tan PhiTcic 


Dien ap ra v„ difdc tinh bdi bieu thufc: v =-RX 1 - L 

2 ' dt 

§6.3- MACH VI TICH PHAN TI LE PID 

Mach vi tich phan ti le PID (Proportional Integrated 
Differential) difdc dung rong rai trong llnh vt/c dieu khien de mi) 
rong phatrt vi tan so dieu khien, tang tinh on djnh cua he thong dieu 
khien trong mot dai tan rong. 

1) Mach PID cd ban 

Xet diem I d ngo vao dao, ta cd phifdng trinh dong dien nut: 
v d v 

—^ + C, —— L + i, = 0 (1) 

R, dt 



Hinh 6. 7 : Mach PID c a ban 


Xet d ngd ra, ta cd phifdng trinh dien ap la: 


v 0 = R, i 2 +— Jidt 
C, 


( 2 ) 


Tit phifdng trinh (1) suy ra: 


i, = - 


' v - + c dv ' 


v R i 


dt 


(3) 
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ChiftJng 6 


Mach lich phan - vi phan - PIP 


Thay (3) vac phuWng tnnh (2) ta c6: 


v d v lr 


v d v 

+ C, —'-) dt 


R 


dt 


hay _ v t> - (—^ + C 
K, 


d v , 
dt 


• />, j - j - 


c, 

+ — v , 
c. 


R, 


- v u - (—- + —) V, +- 

R, C\ R, C, 

Xet of hai tan so dac biet: 

1 


| v, dt + R 2 O’, 


dv 

dt 


to, - 


R, C 

V(t i dieu kien: u>i > 0 J 2 


va to, - 


R, C, 


(4) 


Khi co tan so lhap ( 1 ) « 0)2 = -— thi thanh phan tich 

R, C 1 


' 1 

P hSn FT 7- f v ' dt 

V R l ^ 2 


co tac dung ldn hdn (mach tich phan la loai 


loc ha thong), nen dac tuyen hien do tan so co do doc giam (goi la 
vung I). 


Khi co tan so can co » coi =-— thi thanh phan vi phan 

R. C, 


RX 


d v 


. \ 


dt j 


co tac dung Idn h(tn (mach vi phan la loai loc thifrfng 


thong), ncn dac tuyen bien do tan so cd do doc tang (goi la vung 
D). 


Trong khoang tan so sao cho 0)2 < to < 0)1 thi thanh phan ti le 
vdi dien ap ra co tac dung ldn hrtn (goi la vung P do chCf 
Proportional). 

Mach PID co nhtfttc diem: 
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Mach dicn t\Jf - Tap 2 


Nguyen Tan Phifflc 


- khoang tan so cao, mach vi phan gay nhieu hien dp Idn 

- khoang tan so thap, mach tich phan co dp khuech dai Idn 
cd the gay dao dong tu” kich. 

De tranh nhtrpc diem tren, ngddi ta gidi han dp khuech dai 
khoang tan so cao va khoang tan so thap trong mot mud nhat djnh. 


log k 



Gian do Bode hinh 6.8 cho thay dap dng bien dp tan so ciia 
mach P1D cd ban. 

2. Mach PID cai tifen 





Hinh 6.9 \ Mach PID cai tien 


Sd do hinh 6.9 la mach PID cai tien dude lap them Rj va R 4 . 
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ChiTilni! 6 


Mach lich phan - vi phan - PID 


Dien trd Rj ghep noi liep vdi tu C| c<) tac dung lam giam do 
khuech dai d khoang tan so' cao cua mach vi phan. 

Dien tr<i R 4 ghep song song mach hoi tie'p R 1 -C 2 co tac dung 
lam giam do khuech dai d khoang tan so thap cua mach tich phan. 

Thudng chon: R 3 « Ri va R 4 » R 2 

Dien ap ra vSn du’dc tinh theo phtrong trinh (4) nhtfng chi' cd 
tac dung trong dai tan so' hep hdn la: 


trong do: 


to < t < tj 

f __1_ , f 1 

0 2nR 4 C, VJ 3 2ttR, C, 


Dap t^ng bien dp/tan so ciia mach PID dtfdc minh hoa trong 
gian do Bode hinh 6.10. 


log k 



Hinh 6 ,10: Dap ling tan so mach PID cai tien 
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CHLfdNG 7 


MACH SO CO BAN 

§7.1- DAI CL'ONG 

1) Mach tirtfng tijf va mach stf 

Cue tin hieu dicn cd bicn do thay doi theo thdi gian diftlc 
chia ra hai loai cd ban la tin hieu lien tuc va tin hieu gian doan. Tin 
hieu lien tuc con difdc goi la tin hieu tuyen linh hay lifting tif. tin 
hieu gian doan con goi la tin hieu xung hay so. 

Tin hieu hinh sin con difdc xem la tin hieu tieu hieu cho loai 
tin hieu lifting tif. Viii tin hieu hinh sin, cd difdng hieu dicn nhifhinh 
7.1, la cd the tinh difdc bicn do ciia no d lifng thdi diem. 

Ngiftle la i, tin hieu hinh vudng diftlc xem nhifla tin hieu tieu 
hieu cho loai tin hieu xung hay so. Vdi tin hieu hinh vudng, cd 
difdng hieu dicn nhif hinh 7.2, bicn do chi cd hai giii tri la nn'fc cao 
va mifc thap, thdi gian de chuyen tif nu'fc bien dp thap Icn cao hay 
bicn dp cao xudng thap rat ngan difdc xem nhtf life thdi. 



Hinh 7.1 : Tin hieu hinh sin Hinh 7.2 : Tin hieu xung hay so 


Mach lifting tif de XLf ly cac tin hieu lifting tif. Cac much 
tifdng tif thong dung la: math khucch dai, dao dong, doi tan ... 
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Chtfdng 7 


Mach so cd ban 


Mach so dung de xd ly cac tin hieu xung hay so. Cac mach 
so thong dung nhif mach logic erf ban, mach Flip - Flop, mach ghi 
chuycn, mach dem ... tfng dung trong cac ITnh vile do lifting, dieu 
khien, tinh loan, thong tin ... 

2) Dai so" logic - Dai so" Boole 

Dai so logic la mot tap hdp chi gom cac ddi tilling cd hai 
trang thai: cd hay khdng cd, dung hay sai, dong hay md... 


Cac ddi tilling nay difdc hicu diin bdng bien logic 


Khi (rang thai cua ddi tilling la cd, ta gan cho no gia tri qui 
tide la ‘T va ky hieu la A. Khi (rang thai ddi tilting la khdng cd, ta 
gan cho no gia tri qui tide la ‘O’ va ky hicu la A. 

Phifdiig phap ly luan nay ap dung cd ket qua cho vice nghien 
cifu til dong hoc. C do, cac thitit hi va mach eh? cd hai trang thai. 

Thidu: 

- Cong tac md hay cong trie dong 

- Den tat hay den sang 

- Dong cd ngifng hay dong cd chay 

a) Xet trong mach client 

Trong mach dien, ngifdi ta phan biet ra hai loai thict bj: 
thiel bi dieu khien va thiet bi sd dung. 

I—^-<2H *-®—I 


Hinh 7.3 
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Mach dicn tuf - Tap 2 


Nguyen TiVn Phude 


Trong 2 set do tren, nut an va edng tSc la thiet hj dieu khien, 
bong den va dong cd la thiet bi suf dung. 

Thiet bi dieu khien cd hai trang thai: 

- Dong = trang thai ' 1' - Hd = trang thai ‘0’ 

Thiet bj suir dung cd hai trang thai: 

- Cd dicn = trang thai ‘1’ (den sang, dong edehay) 

- Khdng cd dien = trang thai ‘0’ (den tat, dong cd ngitng) 

Trang thai cua thiet bi dieu khien la bien logic, trang thai 
cua thiet bj suf dung la ham logic. Trang thai cua ham logic se tuy 
thuoc vao trang thai cua bien logic. 

b) Xet trong mach dien tU: 

Trong mach dien tuf ngifdi la xet dien ap vao va dien ap ra. 



Hinh 7.4 

Doi vdi transistor, dien dp vao la V B , dien ap ra la V c : 
- Ngo vao V B = OV => trang thai ‘O’ 


- Ngo vao V B ss 0,8V 

- Ngo ra Vc = Vfc 

- Ngo ra V c = 0,2V 


=> trang thai *1’ 
=> trang thai ‘ 1 ’ 
=> trang thai ‘O’ 
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Chuong 7 


Much so c<l ban 


Boi vdi OP-AMP, dien ap ngo van V|, dien ap ngo ra Vo: 
- Ngo vao V, = OV => trang thai ‘O' 

=> trang thai ‘ 1 ’ 

=> trang thai ‘O' 

=> trang thai * 1 ’ 


- Ngo vao Vj = Vcc 

- Ngo ra V 0 = OV 

- Ngo ra Vo = V cc 


Dion ap ngo vao la hion logic, dien ap ngo ra la ham logic 
Trang thai cua ham logic se tuy thuoc trang thai ciia bien logic. 


Hai trang thai 0 va l dtfde xem tt/rtng tfng vdi hai gia tri 0 va 
1 trong he thong so nhi phan. Trong mach dien ttf hai mute dien ap 
thap Vl va dien ap cao V H tudng trifng cho hai gia tri 0 va 1. NhiT 
vay mach di£n ttf co the xif ly trtfc tiep cac so nhj phan thong qua 
hai mtfc dien ap thap va cao. 

3) Hf thong logic di/cfng va am 

Neu qui tfdc mtfc dien ap thap V L la mute logic 0, mtfc dien 
ap cao V H la logic 1 thi goi la he thong logic dtfdng. Neu qui tfdc 
ngude lai mtfc dien ap thap V L la logic 1, mtfc dien ap cao Vh la 
logic 0 thi gqi la he thong logic am. He thong logic am it dddc 
dung. 

E>oi vdi cac mach logic dude gidi thieu trong chtfdng nay 
ngddi ta qui tfdc mtfc dien ap thap V L = OV -h 0,8V la logic 0, mtfc 
di£n ap cao V H = 3,5V -r 5V la logic 1. 

Khoang chenh lech ldn giffa logic 0 va logic 1 noi len kha 
n5ng ehong nhieu ciia mach logic. 
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Mach dicn ifr - Tap 2 


Nguyen Tan Phifcic 


§7.2- CAC HAM LOGIC CO BAN 

1) Ham dung: (Ham bring nhau) YES 

a) Phtfang tr'tnh: Y = A 

b) S<J ild math (lien va much (lien ttf: 



A Y 


Hinh 7.5 

Trong mach dien: neu cong tile A het (‘0’) th'i den Y tat (‘0’) 
Neu edng (tie A dong (‘1') thi den Y sang (‘1’) 

Nhur vay: Y = A (trang thai eiia Y luon gidng trang thai A) 
Trong mach dien tut: 

Neu V A = 0V CO') thi dien dp V Y = 0V (‘0’) 

Neu V A = SV C T) thi dien dp V Y = 5V (‘1*) 

Nhif vay: Y = A (trang thai Y ludn giong trang thai A) 
c) Ky hieu ham YES va bang stf that: 
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ChiAlrm 7 


Mach so cd ban 


2) Ham dao: NOT (con goi la Bu hay Phu - do Phu dinh) 

a) Phi(<tng irinh: Y = A (doc la Y bang A dao hay A phu) 

b) S(t do much (lien va much (lien tU: 



Hinh 7.7 

Trong much dien ham dao dung tiep diem thiTdng dong nen 
ky hieu la A . Neu A = 0 (tii'c la A = 1), den sang Y = 1; neu dong 
cong tac sang A ihi A = 1 (luc do A = 0 vi bj hd), den tat Y = 0. 

Nhtfvay: Y = A (Y ludn ngt/dc trang thai vdi A). 

Trong rnach dien tuf: 

- Neu V A = 0V (‘()‘), transistor ngdng dan, Vc = Vcc => Vy 

= v tx -cn. 

- Neu V A = 5V (‘ 1‘) (vdi R B thich hdp) thi transistor dan manh, 
V r = 0V=> V Y s()V (‘0’). 

Nhitvay: Y - A (Y ludn ngiftfe trang thai vdi A). 
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Mach dien tfr - Tan 2 


Nguyen Tan Phtfde 


c) Ky hieu ham NOT va hang sU that: 



3) Ham Hoac: OR 

a) Phtfefng tr'inh: Y = A + H (goi la tong logic) 
h) Set eld nuich dien va much dien tut: 


01 



Trong mach dien, hai ticp diem A va B ghep song song nhau 
cung dieu khien den Y. 

- Neu A = 0 (hfl), B = 0 (h Cl) thi Y = 0 (den uft) 

- Neu A = 0, B = 1 (dong) thi Y = 1 (den sang) 

- Neu A = 1, B = 0 thi Y = 1 (den sang) 

- Neu A = 1, B = 1 thi Y = 1 (den sang) 

Trong mach dien tuf, hai diod D| - D? cd chung catod 

- Neu A = OV, B = OV thi Y = OV 
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ChiTdng 7 


Mach .so cd ban 


- Neu A = OV, B = 5V => D 2 dan => Y = 5V 

- Neu A = 5V. B = OV => D, dan => Y = 5V 

- Neu A - 5V, B = 5V => D, va D 2 dan => Y = 5V 

Nhif vay, Y chi bdng 0 khi ca hai ngo vao A va B deu hang 0. 
c) Kv hieu ham OR va bang sU that: 



Hinh7.10 


A 

B 

Y = A + B 

0 

i 

0 

0 

0 

1 

1 

1 

0 

1 

l 

1 

1 


4) Ham Va: AND 

a) Phacmg tr'mh: Y - Adi (goi la tich logic) 

b) S(t do much dien va much dien id: 


A 



B Y 



5V 


Hmh 7.1 1 
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Mach dien tur 


Njaivcn Tan Phtftic 


Trong much dien, hai tiep diem A va B ghep noi tiep nhau 
cung dieu khien den Y: 

- Neii A = (), B = 0 => Y = 0 (den tat) 

- Neu A = 0, B = 1 => Y = 0 (den tat) 

- Neu A = 1, B = 0 => Y = 0 (den tat) 

- Neu A = 1, B = 1 => Y = 1 (den sang) 

Trong much dien liY, hai died D| - D 2 co chung anod: 

- Neu A = OV, B = OV th) hai diod deu dan dien nC‘n Y = 
0,2V - 0,6V (mure 0). 

- Neu A = OV, B = 5V thi diod D 2 dan n£‘n van co Y = 0,2V 
-r 0,6V (imi’c 0). 

- Neu A = 5V, B = OV thi diod D 2 dan nen van co Y = 0,2V 
4 - 0,6V (mure 0). 

- Neu A = 5V, B = 5V thi ca hai diod D| va D 2 deu ngifng 
dan nen Y = 5V (mlie ]). 

Nhii vay, ngo ra Y chi hang ) khi ca hai ngo vao A va B deu 

bang I. 

e) Ky hieu ham AND va hang sLf that: 

Y 

Hinh 7.12 
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Chitting 7 


Mach so cd han 


A 

B 

1) 

> 

CD 

0 

1 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 


Nhgn xel: 


* Ham OR co trdilng hdp thd 4: 1 + 1 = 1. Neu diln gian 1 cl 
2 ve th'i ta co I = 0 la dieu vo iy. Nhd vay " Phong co phep rrd trimg 
dai so Ionic " 


* Ham AND cd trdilng help 2 ngd vao cung trang thai (2 tiep 
diem la tiep diem ddi) nen A . A = A. Neu d<tn gian A c’l 2 ve thi ta 
cd: A = 1 la dieu vd ly. Nhd vay " Phong co phep chia trong dai so 
<mc . 


5) Ham Ho?c - Dao: (NOR = NOT - OR) 


a) Phudng trinh: Y - A + B (dao cua tong logic) 

b) So do much dien vd nuich dien id: 

Trong mach dien, hai tiep diem A va B ghep song song 
nhau dieu khien rd-le RY (la much Hoac - OR). Rd-le RY dung 
tiep diem thitt'lng dong RY didu khien den Y (la mach Dao - 
NOT). Chi khi A va B deu hi) (mute 0) th'i den Y sang (mdc 1), neu 
A hoac B hay ca hai dong th'i den Y tat (mdc 0). 
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Mach dien tuf- Tan 2 


Nguyen Tan Phude 




Hinh7.L3 

Trong mach dien tuT, hai diod D| - Dj thife hien chdc nang 
mach OR, transistor thde hien chdc nang mach NOT. Chi khi A va 
B deu bang OV, transistor ngdng dan va Y co dien ap cao 5V (mdc 
1), neu A hay B hoac ca hai co dien ap cao 5V thi transistor d2n 
bao hoa va Y= OV (mdc 0). 

c) Ky hieu ham NOR va bang su that : 


Hinh 7.14 


A 

B 

Y = A + B 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

0 





Chiton g 7 


Mach so a1 ban 


6) Ham Va - Dao: (NAND = NOT - AND) 


a) Phdtfng tr'tnh: Y = A.B (dao cua ti'ch logic) 


b) Sir do much dien va much dien td. 


Trong match dien, hai tiep diem Av) B ghep noi tiep nhau 
dieu khien rd-le RY (la mach Va - AND). Role RY dung tiep diem 
thifcfng dong RY dieu khien den Y (la mach Dao - NOT), chi khi 
A va B deu dong (mtfc 1) thi den Y tat (mtfc 0), neu co A hay B 
ho&c ca 2 hi) thi den Y deu sang (mtfc 1). 



Hinh 7.15 

Trong mach dien tuf, hai diod D| - D* thtfc hi6n chtfc nang 
cua mach AND, transistor thtfc hien chtfc n3ng mach NOT. Chi khi 
A va B deu co dien ap 5V (mtfc 1) thi ca 2 diod khong dan, dien ap 
+5V qua R va cSu phan ap Ri - Rz phan ctfc cho transistor dan bao 
hoa va Y = 0V (mufc 0). Neu A = 0V (hay B = 0V hoac ca hai = 0V) 
thi diod Di dan (hay D 2 dan hoac ca 2 diod cung dan) lam dien ap 
sau 2 diod = 0,2V 4- 0,6V (mufc 0), luc do transistor khong dan, Y = 
5V (mtfc 1). 
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Mach dien tuf - Tin 2 


Nguyen Tan PhUdc 


c) Ky hieu ham NAND va bang su that: 



Hinh 7.16 


A ! 

B 

Y = A B 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 


7) Ham Hoac Loai Trif: XOR hay EXOR (Exclusive OR) 

a) PhUflng trinh: Y = A © B (ky hieu cua ham) 

b) So do math dien: 



B 


h® 


B 


Hinh 7.17 


Mach dien thtfc hien ham EX - OR gom 2 cong-tac ddi, moi 
cong-tac co 2 tiep diem (1 thiTdng dong va 1 thuVtng hd). Trong sd do, 
A = 0 va B = 0 (hd) nen den Y = 0 (tat)- Khi tac dong len cong-tic A 
lam A = 1, A = 0 thi den Y = 1 (sang) hay khi tac dong len cong-tac 
B lam B = 1 , B — 0 thi den Y = 1 (sang). Neu dong thdi tac dong len 
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Mach so c<( hiin 


ca hai cong-tac A va B thi den Y van = 0 (tat). Day chtnh la much 
dieu khicn den cau thang. 

Nhif vay, ham EX-OR chinh la ham OR bo (rifting help thtf 4 
trong hang sif that. 

c) Ky hicu ham EX-OR va bang sif Owl; 




Theo bang si/ that, co the dinh nghia ham EX-OR nhif sau: 
ham so Y = I khi A = 1 va B = 0 hoic khi A = 0 va B = I. 

Nhifvay, ham EX-OR co the bieu dien bling phtfcfng truth: 

A 

B 

Hinb 7.19 
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Mach dicn Ujf - Tap 2 


Nguyen Tan PhUric 


Set do logic hinh 6.19 thtfc hien chifc nang cua ham EXOR. 
d) Ham HO AC 10 A! TRlf DAO ( EXNOR) 

Phultng trinh: Y = <4 ® B 

Day chinh la ham EXOR qua them cong Dao. 

Taco: Y = (aH) + (~A.B) (EXNOR) 

Dung djnh ly De-Morgan de chuyen doi ta se co phuring 
trinh ham EX-NOR nhifsau: 

Y = ( ab ) + ( ab ) = (AJ)(AB) 

y = (a + b)(a + z?) 

Lull y sir khac nhau giffa cac phep rich logic va tong logic 
trong hai phultng trinh ham EXOR va EXNOR. 

Djnh ly De-Morgan se dtfric girii thieu trong phan sau. Khi 
den muc nay, doc gia co the kiem chtfng lai chtfng minh tren. 

§7.3- CAC TINH CHAT CCt BAN CllA CAC HAM LOGIC 


Tfnh chat 

Ham Tich 

Ham Tong 

Turing dong 

A . A = A 

A + A = A 

Trung lap 

A . 1 = A 

A + 0 = A 

Bu (Dao) 

> 

Su 

II 

© 

A+A = 1 








ChUdng 7 


Mach so c<J ban 


Giao hoan 

A . B = B. A 

A + B = B + A 

Ket hdp 

(A.B).C = A.(B.C) 

(A+B) + C = A + (B+C) 

Phan bo 

A+(B.C)= (A+B).(A+C) 

A.(B+C) = (A.B)+(A.C) 


§7.4- DINH LY DE-MORGAN 

Hai dinh ly De-Morgan la 2 djnh ly rat quan trong trong dai 
so logic, vdi hai dinh ly nay ta co the bien doi cac phifdng trinh 
logic dung nhieu cdng khac nhau thanh phifdng trinh logic chi co 
mot loai cdng duy nhat la cong NAND hay cong NOR. Nhd do, 
cong NAND va cdng NOR dtfdc goi la cdng da nang. 

1) Dinh ly 1: A + B = A.B 

Phan bu cua tong logic bang tich logic cac phan bu cua mdi 
so hang trong tong logic do. 

De chufng minh djnh ly nay, ta co the dung bang sir that hay 
sd do di^n thifc hien 2 ve cua phtTdng trinh. 
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Mach dien tif - Tan 2 


Nguyen Tan PhuVte 


b) So do much dicn: Hinh 7.20 


A ^ RY 


-CB)—I 

RY Y 


b^r^SH 


Y ~ A + B 


Y = A 


B 


Trong hai sd do Iren, den Y chi sang (=1) khi A = 0 va B = 0. 
Neu co tac dong len A hay len B hay len ca hai thi den Y tat (= 0). 


2) Dinh ly 2: A.B = A + B 

Phan bii cua mol itch logic bang long logic cac phan bu ciia 
moi so hang trong itch logic do. 

Ta cung co the chtfng minh dinh ly nay bang bang sir that 
hay set do dien tht/c hicn 2 ve cua phifdng trinh. 


a 

) Bang stf 

that: 





A 

B 

A.B 

A.B 

A 

B 

A + B 

0 

0 

0 

1 

1 

1 

1 

0 

1 

0 

1 

I 

0 

1 

l 

0 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 


b) Soda mach dien: 
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RY Y Y = A~B Y = A + B 


Hinh 7.21 

Trong ca hai set do tren, den Y chi’ lat (— ()) khi tac dong len ca 
2 cdng-lac A va B. 


§7.5- CONG DA NANG NAND - NOK 

Trong cac loai cong can ban, cong NAND va NOR cd the 
ihn'c hieti tat ca elide nang cua cac loai cong khac nen dlfdc goi la 
cong da nang. 

1) Dung cong NAND lam NOT 
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Mach dicii tOf - Tan 2 


Nguyen Tan Phifdc 


Neu ndi chung 2 ngo vao cua cong NAND la se co edng 
NOT, vi luc do hai ngo vao A va B luon cung trang thai (cung = 0 
hay cung = 1) nhif trifling hop 1 va 4 trong bang sir that. Khi A = B 
= 0 thi Y = 1, khi A = B = 1 thi Y = 0. 

2) Dung edng NAND lam AND 

Lay edng NAND noi tiep vOi cong NOT (NAND ndi chung 
2 ngd vao) sc cho ra edng AND. 



Y=A. B 

Hinh 7.23 


3) Dung edng NAND lam OR 


A 


B 



Y=A. B 


Y=A+B 


Hinh 7.24 


Theo d|nh ly De-Morgan 2 ta cd: 

Y = A.B = A + B = A + B 

Nhif the, vdi 3 edng NAND ndi nhif hinh 6.24 se thife hien 
difOe cong OR, 

4) Dung edng NAND lam NOR 

Tif sd do hinh 7.24 them cong NOT se ra cong NOR 


158 







Chi/rtng 7 


Mach so cd ban 



0 1 0 
1 0 0 


1 _1_ 0 

Neu noi chung 2 ngo vao cua cong NOR ta se co cong NOT, 
vi luc do hai ngd vao A va B luon cung trang thai (cung = 0 hay 
cung = 1) nhu - trifdng help 1 va 4 trong bang si/ that. Khi A = B = 0 
thi Y = 1, khi A = B = 1 thi Y = 0. 

6) Dung cong NOR lam OR 










Chifdnu 7 


Mach so cd ban 


Vdi each chuyen doi cac cong logic cd ban ra cac cong da 
nang NAND hoac NOR nhirtren thi mot mach logic co the chi dung 
mot loai cong. Bieu nay se giup ta tan dung dtfdc cac cong co trong 
cac 1C so. ThutJng mot 1C so co chtfa nhieu cong cung chtiiC nang. 

Ap dung: 

Cho phddng trinh logic: Y = A.(B + C) 

Neu dung cac cong NOT, AND, OR ta se co sd do logic nhif 
hinh 7.30. 



Ta phai dung mot IC NOT, mot IC AND va mot 1C OR va 
moi 1C chi dung mot cong trong khi moi 1C co den bon cong hay 
sau cong (NOT). 

Ta co the dung dinh ly De-Morgan de chuyen doi sang cong 
NOR nhtr.sau: 

Y = A.(B + C) (them hai lan DAO khong doi trang thai) 

Y - A + (B + C) (chuyen sang NOR) 

Y - A+(B + C) (ddn gian) 

Bay gid ta co sd do nhif hinh 7.31: 
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Mach dien tuf - Tap 2 


NguySn Tan Phtfdc 



Y = A + (B + C) = A.(B + C) 

Hirth 7.31 


Ta chi can mot IC NOR va chi dung hai trong bon cong. 


§7.6 - CONG LOGIC TTL (Transistor to Transistor logic) 

Hien nay cac cong logic TTL da thay the cac mach DTL, 
trong do mach dien co transistor Cl ngo vao va cd transistor d ngo ra. 

Do tinh da n3ng cua hai cong NAND va NOR nen chung ta 
chi can phan tich cau true va nguyen ly cua hai loai cong nay. 

1) Cong NAND: IC 74LS00 



Hinh 7.32 : Cong NAND 
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Trong sd d6 cau true cua cong NAND (hinh 7.32), transistor 
T| dddc che tao dac biet co 2 ede E. Do ede C ctia T, khong dddc noi 
nguon nen T, lam viec khong theo nguyen ly cua transistor ma hoat 
dong theo mach tu’dng ddOng gom 3 diod nhir hinh 7.34. 

Bang sif that cong NAND: A B A.B 

0 0 1 

0 1 1 

1 0 1 

1 1 0 

- Khi ngo A = ‘O’, B = ‘O’: hai diod D| va D 2 dan nen Vbi = 
0,8V. Dien ap nay khong du de qua Dj va phan cifc cho T 2 nen T 2 
ngdng. Luc do, T 3 dddc phan ede bao hoa con T 4 ngdng dan => ngo 
ra Y = T. 

- Khi ngo A = ‘0’ va B = 4 1’ hay A = ‘l’va B = ‘O’: diod D) 
hay diod D 2 dan nen van co V B i = 0,8V. Tdctng td ngo ra Y = ‘1’. 
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Mach dicn luf - Tan 2 


Nguyen Tan Phtffic 


- Khi ngo A = ‘1’, B ss ‘I’: hai diod D] va D 2 deu ngifng. 
Nhif vay se co dong dien qua Di phan cifc cho T 2 chay bao hoa. 
Luc do, Tj ngifng dan con T 4 bao hoa => ngo ra Y = ‘O’. 

Mach co 4 trifling hop nhif bang sif that cua cong NAND. 

2) C6ng NOR: IC 74LS02 
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Mach so cd ban 


Bang stf that cong NOR 


A 

B 

A + B 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

0 


Khi ngo A = ‘O’, B = ‘O': hai transistor T| va Ti deu dan nen 
V B , = 0,8V, VB 2 = 0 , 8 V. Bien ap nay khong du qua moi noi BC de 
phan cifc oho Ti - T 4 nen Tj - T 4 ngifng. Luc do, T 5 difdc phan cu'c 
bao hoa con T<, ngifng => ngo ra Y = ‘ 1‘. 

- Khi ngo A = ‘O’, ngo B = * 1 ’: Ti dan nen Vm = 0,8V —> Ti 
ngifng, con T 2 ngifng nen se co dong qua moi noi BC de phan cu'c 
eho T 4 bao hoa. Do T* = T 4 noi song song d ngo ra nen V C1 - Vc 4 
giam se lam T 5 ngifng va Tf, dan => Y = ‘O’. 

- NguVfc lai, khi ngo A = ‘1’, ngo B = ‘O’thi T| ngifng, Tjdan. 
Luc do, van co trang thai ngo ra la T 5 ngifng va T^dan => Y = ‘O’. 

- Khi ngo A = ‘ 1’, B = ‘ 1’: Ti va T 2 deu ngifng nen se cd 
dong qua hai moi noi BC cua T| = T 2 phan cifc cho Ti - T 4 dan bao 
hoa. Luc do, ngo ra v3n cd trang thai T 5 ngifng, dan => Y = ‘O’. 

3) Dac ti'nh ky thuSt cua cong TTL 

Moi IC TTL co rna hieu ricng, tren ma hieu gom 3 phan: ho, 
chQ - lot va ten cua IC. 
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Mach dien id - Tap 2 


Nguyen Tan Phude 


Thi du: IC 74LS00, IC 54LS00 

- 54 - 74: ho IC chi nhiet do suf dung va tan so hoat dong. 

■ Ho 54 co khoang nhiet do lam viec iCf -55°C den 

+ 125° C 

■ Ho 74 cd khoang nhiet do lam viec td 0°C den 70 ’C 

- LS: chCf lot de chi cong suat (L: low - cong suat thap, S: 
Schottky la ten cua loai diod cd dien ap ngu’ftng thap de tang toe dp 
chuyen mach cua cong). 

- 00: la ten ciia IC. Ten chinh so thuf ttf de tao chuTc nang 
cua cong hay cua IC. Thi du: 74LS00 la cong TTL cong suat thap, 
cd toe dp chuyen mach cao va la loai cong NAND. 


Cac thong so ky thuat quan trpng cua cong TTL dUitc gidi 
thieu trong bang sau: 


Cac thong so 

Tri so min 

Tri so danh djnh 

Trj so max 

Dien ap n^udn +Vrc 

4,75V 

5V 

5,25V 

Dien ap vao mdc cao V| H 

2V 



Dien ap vao mvfc thap Vu. 



o,xv 

Dien ap ra mdc cao V ()H 

2,5V 

3,5V 


Dien ap ra mdc thap V 0L 


0,2V 

0,5V 

Dong dien vao mdc cao Iih 



20 pA 
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Dong dien vao mite thap 1 (L 
Dong dien ra mtfc cao Ioh 
D ong dien ra mite thap I ()L 
Dong dien noi tat ngo ra los 
Khoang nhiet do chiu diing 


-0,4mA 

-0,4mA 

8mA 

-100mA 


70 (, C 


T + 


T + 

K \ 


\t 


v k 



_ i _ 



Khi ngo ra mite cao 


Khi ngo ra mite thap 


Qui itete: dong dien di tuf trong 1C ra ngoai co dau am (-), 
dong dien di tit ngoai vao trong 1C co dau diMng (+). 


A 

i 

+1 



( + 




Khi ngo vao mite cao Khi ngo vao mite thap. 

Hmh 7.36: Qui Udc gia trj am diteng cua dong dien ngo vao va ra 
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Mach dien tuf - Tan 2 


Nguyen Tan Phddc 


4) Cong TTL cufc thu hdf 


Trong lTnh vdc dieu khien, mot so trddng help nhieu cong 

logic co ng5 ra can noi lai vdi nhau de thde hien mot bieu thtfc 

logic dac biet. Luc do se co trddng hdp 1 cong co ngd ra mufc cao 
~ * 

va 1 cong co ngo ra mdc thap nhd hinh 6.37. 




Hinh 7.37 : Hai cong NAND noi chung ngo ra 

Theo hinh 6.37, dong dien I se di tuf nguon qua Tj cua cong 
ben trai va T 4 cua cong ben phai co trj so ede dai theo cong thde: 

g S-0.7-O0.2 ) 

K, 130 

Trj so nay ldn hdn gia trj I () h va I 0 l cua cac cong logic nhieu 
lan nen sc lam hai cong nay bi hd. 

Be tranh hien tddng tren, ngddi ta che tao cac cong logic co 
ngo ra ede thu de hd (open collector output) nhd hinh 7.38. 
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Chifdng 7 


Mach so c(( ban 



Hirth7.38 : Cong NAND co cdc thu h<Tf 

Theo hinh 7.38, ngo ra cua cong logic co cUc thu hd dddc 
noi vdi dien trd R len nguon +5V. Dien trd R difdc tmh chon co tri 
so thich hop se khong lam hd cac transistor trong IC. 

Khi T 3 ngdng, ngo ra co mdc cao Y = 1 => led sang. Chon 
dong dien qua led la I| C it = 5mA ta co: 

R = v cc ~ Ym = = 6000 => Chon 68 OQ 

1 C 1 


Khi T 3 bao hoa, ngo ra co mufc thap Y = 0, dong dien qua Tv 


V _ y 5-0 2 

1 = v cc y<x*, = 1_±± = lmA 

0 R 680 


Dong dien nay nho hdn I( )L nen khong lam hd cong logic. 

Cach che tao nay co dien trd tai R dat ben ngoai edng logic 
nen vice tmh chon ddn gian va dam bao an toan cho cong. Tuy 
nhien, mach co nhddc diem la chuyen mach cham, nhieu Idn va 
kho sura chffa. 
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Mach dicn tiir - Tap 2 


Nguyen Tan Phifttc 


Be khac phuc tinh trang tren, ngifdi ta che tao ra edng TTL 
ba trang thai. 

5) Cdng TTL co 3 trang thai 
♦ +5V 


Y 

A 
o- 

Hinh 7,39 : Cong NOT 3 trang thai 


c = 1 

=> Y = A 

c = o 

=> ngb ra co tong tret Z cao 


Doi vdi cong NOT thong thifbng se khong co ngb C va diod 
D. Khi ngb A = 0 thi Ti dan lam T 2 ngitng dufa den T.i bao hba, T 4 
ngifng => ngo ra Y = 1 (mdc cao). Khi ngb A - 1 thi T t ngubg lam 
T> dan dtfa den Tj ngtfng va T 4 bao hba => ngb ra Y = 0 (mtfc 
thap). 

Cong NOT 3 trang thai co them ngb C (control hay con goi la 
ngb Enable: cho phep). Khi ngb C = 1 thi mach hoat dong giong nhi/ 
nguyen ly tren. Khi ngb C = 0 thi T| dan, T> ngtfhg nhi/ng diod D 
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cung dan se lam Vci = 0,7V => Tj va T.| deu nguhg nen trb khang 
ngd ra rat loin. Day la trang thai thb ba ciia cdng TTL ba trang thai 
con goi la trang thai ngo ra tong trd Z cao. 

Ky hieu trong hinh 6.39 la cdng NOT 3 trang thai co ngo C 
mb cdng b imJc cao (C = 1). Ngifbi ta con che tao loai cdng NOT 3 
trang thai co ngo C mb cdng b mure thap ky hicu nhif hinh 6.40. 



C = 0 => Y = A 

C = I => ngo ra cb tong trb Z cao 

Hinh 7.40 : Ngo C mb cdng b mtfc thap. 

Mot ifng dung dbn gian cua cdng NOT ba trang thai nhtf trong 
hinh 7.41. 


bus 



Hinh 7.41 : tfng dung cdng NOT 3 trang thai 
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Mach dicn ifr - Tan 2 


Nguyen Tan Phude 


Trong hinh 7.41 chi c6 ngo C 2 = I nen chi e6 edng NOT2 
dtfdc md, cac edng NOT1 va NOT3 co ngo ra tong trd cao xem nhif 
hef mach. 

Nhu" vay, cac ngo Y| va Y 2 chi thi/c hien chtfc nang OR va 
AND cac ngo B va D vdj A, . 

Theo thi du tren thi chi co edng NOT2 nhan A 2 di/a vao de 
tac dong den hai edng OR va AND. 

Buftng ndi chung cac ngo ra cua 3 edng NOT dtfdc got la 
BUS. Ngo A2 di/dc truyen lcn BUS va cho ra: 

K, = X + B, Y 2 = A.D 

6) Cach ra chan cac cong TTL thfing dung 


14 


3 1 2 11 10 9 8 

J 74 us 00 

nPi rP>i 


GND 


3 4 5 


14 13 12 11 10 9 8 


ng 

jljBg 

M 

wM 


IS 


12 3 4 5 6 7 


Bon edng NAND 2 ngo vao 


Bon cong NOR 2 ngo vao 
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14 13 12 11 10 9 8 


14 13 12 11 10 9 8 



12 3 4 5 6 7 


1 2 3 4 5 6 7 


Bon cdng AND 2 ngo vao 


Bon cdng OR 2 ngo vao 



12 3 4 5 6 7 

Sau cdng NOT 


ITinh 7,42 : Cach ra chan cac cdng TTL thong dung 
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